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Abt.  I. — The  Speed  of  Propagation  of  the  Charleston  Earth- 
quake: discussed  by  Professor  Simon  Newoomb,  TJ.  S.  N., 
and  Captain  C.  E.  Jjutton,  U.  S.  A. 

The  investigation  of  the  time  data  of  the  Charleston  earth- 
quake having  been  completed  and  a  final  result  being  reached, 
U  is  deemed  proper,  with  the  consent  of  the  Director  of  the 
Geological  Survey,  to  publish  k  brief  abstract  of  the  discussion, 
*he  full  discussion  will  appear  in  the  final  report  upon  the 
irthquake,  which  report  is  now  well  advanced  toward  com- 
■^tion. 

Immediately  after  the  earthquake  all  practicable  measures 
sx-e  taken  to  collect  information,  and  special  effort  was  directed 
obtaining  the  largest  amount  of  time  data.     Through  the 
►'Q.rtesy  of  the  Associated  Press,  notices  were  published  in 
-arly  all  the  newspapers  of  the  country  requesting  those  who 
*cl  made  such  observations  to  forward  them  to  the  Director 
f     the  Geological  Survey.     Many  persons  did  so.     The  Chief 
'i^nal  Officer  instructed  the  observers  of  that  bureau  who  had 
*oted  the  time  of  the  shock  to  report  it,  and  he  forwarded  all 
&uch  reports  to  the  survey.     The  Western  Union  Telegraph 
Co.  instructed  its  operators  to  forward  reports  and  similar  in- 
structions were  sent  by  the  Lighthouse  Board  to  light-keepers. 
Special  effort  was  made  to  secure  newspapers  from  as  many 
localities  as   possible.      Most  of  the  leading  papers  of  the 
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country  have  an  agent  or  reporter  at  Washington  and  he  usually 
keeps^a  file  of  &  paper  ^serves.  The  library  of  Congrei 
keeps  files  of  two  or  more  papers  from  every  State.  As  many 
of  these  as  practicable  were  thoroughly  examined.  Many  local 
papers  were  requested  to  furnish  copies  of  their  issues  of  Sept 
1st,  2d  and  3d,  and  most  of  them  complied.  Many  marked 
copies  of  papers  were  sent  to  the  survey  from  unexpected 
sources.  Altogether  more  than  four  hundred  time  reports 
were  gathered. 

As  might  be  expected  a  portion  of  these  were  useless.  In 
order  that  it  may  be  apparent  which  were  selected  for  considera- 
tion and  which  rejected,  the  following  account  is  given.  There 
were  about  thirty  which  stated  that  the  shock  occurred  u  about 
10  o'clock  "  or  u  a  few  minutes  before  10."  As  a  single  min- 
ute is  a  very  important  quantity  here,  all  such  reports  were 
summarily  rejected  as  too  indefinite.  The  reports  from  light- 
houses in  most  cases  proved  unavailable.  These  structures 
being  situated  most  frequently  where  access  to  standard  time 
is  difficult,  their  clocks  are  regulated  by  the  sun  and  an 
almanac.  The  uncertainties  of  this  method  of  time  keeping 
were  evidently  too  great  to  justify  any  attempt  to  utilize 
them.  But  a  few  lighthouses  keep  standard  time  and  in  all 
such  cases  their  reports  were  admitted  to  consideration.  There 
were  a  few  (nine  or  ten)  which  gave  times  so  widely  aberrant, 
differing  by  a  quarter  to  half  an  hour  from  the  great  mass  of 
records,  that  they  were  rejected.  The  whole  number  which 
received  preliminary  consideration  was  316,  many  of  which  it 
was  expected  would  also  be  rejected  after  a  more  thorough 
examination,  due  cause  being  assigned.  These  316  observa- 
tions were  catalogued  in  alphabetical  order,  the  latitudes  and 
longitudes  of  the  localities  being  roughly  ascertained  and  also 
their  distance  from  the  centrum. 

By  far  the  most  important  time  determination  is  that  of  the 
centrum,  which  was  computed  to  be  about  six  seconds  earlier 
than  that  of  Charleston.  The  time  at  Charleston  is  derived  as 
follows.  Among  the  numberless  clocks  stopped  in  that  city 
by  the  earthquake,  there  were  four  which  had  compensated 
seconds  pendulums  and  second  hands  and  were  of  the  pattern 
generally  classed  as  "  jewelers'  regulators."  All  were  compared 
daily  with  the  time  signal  of  the  Western  Union  Telegraph  Co., 
and  the  testimony  is  positive  that  none  of  them  had  errors  on 
August  31st  exceeding  nine  seconds,  while  the  mean  probable 
error  of  the  four  was  certainly  much  less  than  this.  The  first 
was  the  regulator  of  James  Allan  &  Co.,  Jewelers,  No.  285 
King  street.  It  was  regulated  by  means  of  a  "  sounder,"  which 
was  daily  put  into  circuit  with  the  Western  Union  time  signal 
wire.     The  clock  was  corrected  only  when  its  error  exceeded 
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nine  seconda  Mr.  Allan  is  authority  for  the  statement  that 
its  reading  next  morning  was  9:51  exactly.  He  had  received 
the  time  signal  on  August  31st,  but  as  the  clock  was  within 
the  limit  or  tolerance  he  did  not  correct  it.  Subject  to  this 
limit  he  had  no  knowledge  of  the  exact  error  of  his  clock  and 
his  memory  on  this  point  did  not  serve  him  The  second  clock 
was  the  regulator  wnich  controls  the  time  of  the  North  Eastern 
Railway.  This  clock  was  compared  with  the  time  signal  on 
August  31st,  but  was  not  corrected,  its  error  being  within  the 
limit  of  tolerance,  which  was  eight  seconds.  It  had  been  reset 
two  days  previously.  Its  reading  was  9:51:15.  It  was  stopped 
by  the  point  of  the  pendulum  catching  behind  the  metallic  arc 
in  front  of  which  it  properly  vibrates.  The  third  clock  was 
thaty  which  regulates  the  time  of  the  Charleston  &  Savannah 
Railroad  It  had  been  reset  two  days  previously  and  compared 
with  the  time  signal  on  August  31st,  and  was  within  the  limit 
of  tolerance,  eight  seconds.  Its  reading  was  9:51:16  and  it  was 
stopped  in  the  same  manner  as  the  preceding  one.  The  fourth 
clock  was  that  of  the  South  Carolina  Railroad.  It  had  been 
reset  by  the  daily  time  signal  on  the  day  of  the  earthquake. 
Its  reading  was  9:51:48. 

Although  these  records  range  through  an  interval  of  48 
seconds  they  may  be  reconciled.  The  azimuths  of  the  planes 
of  oscillation  of  their  pendulums  were  as  follows : 

James  Allan  &  Co's N.  85°  E. 

North  Eastern  Railroad N.  40°  E. 

Charleston  &  Savannah  Railroad N.  66°  E. 

South  Carolina  Railroad N.  30°  W. 

These  azimuths  may  be  put  into  relation  with  what  is  now 
known  concerning  the  varying  phases  of  the  shocks,  their 
respective  durations  and  directions  of  vibratory  motion.  The 
earthquake  at  Charleston  began  as  a  light  tremor,  steadily  in- 
creasing in  power  through  an  interval  estimated  to  be  from  10 
to  15  seconds'  duration;  then  suddenly  or  by  swift  degrees  it 
swelled  into  the  full  power  of  the  first  maximum,  then  sub- 
sided to  a  minimum,  then  swelled  suddenly  to  a  second  maxi- 
mum and  lastly  died  away  gradually.  The  interval  from  the 
beginning  of  the  first  maximum  to  the  close  of  the  second 
maximum  is  estimated  at  from  35  to  55  seconds  ;  the  subsid- 
ing tremors  are  estimated  at  about  6  to  8  seconds :  the  total 
duration  from  55  to  75  seconds.  It  may  be  expressed  graphi- 
cally by  the  following  curve  in  which  the  abscissas  represent 
time  and  the  ordinates  an  arbitrary  scale  of  intensity. 

In  the  first  maximum  the  waves  were  mainly  normal  and 
came  from  N.  30°  W.  In  the  second  maximum  the  direction 
of  vibration  was  about  at  right  angles  with  the  foregoing  or 
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about  N.  60°  E.  It  will  now  be  seen  that  the  planes  of  oscil- 
lation of  the  first  three  clocks  made  wide  angles  with  the  di- 
rection of  motion  of  the  first  maximum,  while  the  plane  of  the 
fourth  clock  was  almost  exactly  parallel  with  that  direction  and 
perpendicular  to  the  direction  of  motion  of  the  second  max- 
imum.    The  fourth  clock,  then,  may  easily  have  escaped  arrest 
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until  the  second  maximum  while  the  other  three  would  have 
little  chance  of  escaping  the  first  maximum,  even  if  they  did 
not  stop  during  the  lighter  preliminary  tremors.  That  the  sec- 
ond and  third  clocks  stopped  during  tne  first  maximum  is  ren- 
dered probable  by  the  way  in  which  their  pendulums  were 
caught.  It  would  require  a  considerable  acceleration  in  a  di- 
rection perpendicular  to  their  planes  of  oscillation  and  at  times 
when  the  pendulums  were  near  the  extremities  of  their  arcs  of 
vibration  m  order  to  throw  their  bobs  far  enough  backward  to 
catch  in  the  manner  they  did.  These  two  clocks  are  relied 
upon  as  giving  the 'time  of  the  first  maximum.  The  chances 
are,  however,  that  the  pendulums  were  not  caught  in  this  par- 
ticular way  during  the  first  three  or  four  oscillations,  but  went 
staggering  along  for  a  very  few  beats  until  finally  caught.  An 
interval  of  three  or  four  seconds  was  probably  occupied  in  the 
rapid  swelling  of  the  quake  from  the  preliminary  milder  phase 
into  the  full  power  of  the  maximum.  If  we  assume  for  the 
beginning  of  tne  first  maximum  an  instant  of  time  about  three 
or  four  seconds  earlier  than  that  indicated  by  the  two  railroad 
clocks,  i  e.  9:51:12,  our  actual  error,  it  is  believed  will  not 
exceed  four  seconds.  The  clock  of  James  Allan  &  Co.  prob- 
ably stopped  at  a  slightly  earlier  phase.  If  it  may  be  assumed 
to  have  been  six  or  eight  seconds  slow,  its  stopping  would  have 
been  easily  possible  at  that  phase;  for  many  less  sensitive 
clocks  throughout  the  country  were  arrested  by  tremors  no 
more  forcible  than  those  in  Charleston  at  the  particular  phase 
thus  indicated.  We  shall  reach  the  same  result,  9:51:12,  if 
we  throw  out  the  fourth  clock  as  relating  to  the  second  maxi- 
mum and  (giving  the  weight  2  to  both  the  second  and  third 
clocks  and  the  weight  1  to  the  first)  take  the  mean  readings  of 
the  three.  The  whole  tenor  of  the  evidence  from  other  clocks 
in  Charleston  points  strongly  to  a  time  a  few  seconds  later  than 
9:51  for  the  first  maximum. 

It  is  plainly  necessary  to  select  some  phase  of  the  earthquake 
in  Charleston  or  at  the  centrum  as  the  beginning,  with  which 
the  beginning  in  all  other  places  must  be  compared.     It  must 
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plainly  be  a  phase  at  which  the  shocks  had  very  great  power, 
sufficient  to  make  themselves  felt  hundreds  of  miles  away. 
This  phase  should  obviously  be  that  which  has  been  called  the 
beginning  of  the  first  maximum.  It  still  remains  to  find  the 
corresponding  time  at  the  centrum.  As  the  speed  of  propaga- 
tion is  now  known  to  have  been  in  the  neighborhood  of  three 
miles  a  second  and  as  the  distance  of  Charleston  from  the 
theoretic  centrum  is  20  miles,  the  subtraction  for  the  time  at 
the  centrum  is  taken  to  be  six  seconds,  making  the  time  of  be- 
ginning at  that  point  9:51:06  standard  time  of  the  75th 
meridian. 

The  full  catalogue  was  next  examined  in  order  to  ascertain 
what  reports  should  be  finally  rejected.  In  the  final  report 
this  catalogue  will  be  published,  together  with  a  list  of  the 
rejected  observations  showing  the  grounds  of  rejection.  For 
present  purposes  a  summary  view  of  these  reports  is  given, 
showing  the  number  of  observations  corresponding  to  specific 
minutes  or  falling  betweeen  consecutive  minutes. 

Table  showing  the  numbers  of  reports  corresponding  to  specified 
minutes  or  falling  between  consecutive  minutes. 

9:47  and  seconds ."  1 

9:48 3 

9:50 32 

0:51 6 

9:51  and  seconds 6 

9:52 25 

9:52  and  seconds 9 

9:53 28 

9:53  and  seconds 16 

v:54. 31 

9:54  and  seconds 9 

9:55 86 

9:55  and  seconds 8 

9:5$ 21 

9:56  and  seconds 2 

9:57 8 

9:58 5 

9:58  and  seconds 1 

9:59 3 

10:00 13 

10:01 2 

10:02 .1 

Total 316 

There  are  thus  four  reports  giving  times  earlier  than  9:50  and 
three  later  than  10  o'clock.  The  synopsis  illustrates  well  the 
tendency  of  people  to  give  time  in  terms  which  are  multiples 
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of  five  minutes.     Thus  we  have  32  giving  9:50,  but  none  giv- 
ing 9:49,  and  only  six  giving  9:51.     There  are  13  giving  10 
o'clock  and  there  would  nave  been  many  more  of  them  it  the 
catalogue  had  included  those  which  stated  the  time  as  being 
"  about "  10  o'clock  or  "  near "  10  o'clock.     There  are  86,  or 
more  than  one  fourth   the  whole  number,  which  give  9:55. 
Every  one  of  the  9:50  reports  is  rejected.     It  is  certain  that 
they  all  involve  errors  greater  than  one  minute  too  early,  and 
the  large  number  of  them  would  introduce  a  large  systematic 
error  into  the  mean  ;  and  as  there  is  no  apparent  reason  for  re- 
jecting or  keeping  one  observation  rather  than  another,  all  of 
them  are  thrown  out.     All  of  the  10  o'clock  observations  are 
thrown  out.    For,  upon  further  examination,  all  giving  9:58  and 
seconds,  9:59,   10:01  and  lu:02  will  be  rejected  on  their  merits. 
This  would  leave  the  10  o'clock  reports  as  an  isolated  group  in 
an  otherwise  comparatively  orderly  series,  and  its  effect  would 
be  to  introduce  an  error  of  unknown  magnitude  and  of  anoma- 
lous character.     In   dealing  with  those   giving  9:55  there  is 
more  difficulty.      The  following  course  has   been    adopted. 
Wherever  a  report  states  clearly;  or  raises  a  strong  presump- 
tion, that  this  was  really  the  nearest  minute  observed,  to  the 
exclusion  of  any  other,  it  is  accepted  if  otherwise  unobjection- 
able.    Where  this  evidence  is  wanting  the  report  is  rejected 
It  is  quite  probable  that  some  thus  rejected  are  very  good  ob- 
servations ;  but  it  is  clearly  better  to  reject  many  possiblv  good 
observations  (provided  a  sufficient  number  remain)  than  to 
admit  a  few  bad  ones  with  the  certainty  of  introducing  an  un* 
known  error.     The  number  of  9:55  reports  thus  rejected  is  43, 
which  happens  to  be  just  one  half. 

.Still  other  observations  are  rejected  on  their  merits.  A  ma- 
jority of  these  are  thrown  out  for  what  are  presumed  to  be 
large  unexplained  errors.  There  are  29  of  them,  of  which  15 
are  rejected  for  being  two  minutes  or  more  too  early  and  It 
for  being  as  much,  or  more  than  as  much,  too  late,  when  com-  ! 
pared  with  a  larger  number  of  much  better  observations  in  the 
6ame  locality  or  in  the  immediately  surrounding  region.  The 
rejection  of  these  29  observations  does  not  greatly  affect  the 
deduced  speed,  but  it  does  diminish  notably  the  computed 
probable  error.  The  total  number  rejected  for  all  causes  is 
130  and  the  number  accepted  is  186.  These  have  been  sepa- 
rated into  four  groups,  each  containing  data  which  are  consid- 
ered to  be  as  nearly  Homogeneous  as  possible  ;  that  is  to  say,  ii* 
each  group  the  observations  afe  presumed  to  have  the  same 
sources  of  error,  whether  accidental  or  systematic. 

The  first  group  is  required  to  fulfill  the  following  condi- 
tions :  (1)  The  report  must  specify  the  beginning,  or  the  tini^ 
when  the  tremors  first  became  sensible.     (2)  It  must  give  no** 
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he  minutes,  but  also  the  seconds,  with  an  uncertainty  not 
ling  15  seconds.  (3)  It  must  have  been  obtained  from  a 
kept  running  with  accuracy  upon  standard  time  or 
y  reliable  local  time,  or  from  a  clock  or  watch  compared 
;uch  time  within  a  few  hours  of  the  occurrence.  There 
ve  observations  besides  that  of  Charleston  which  meet 
requirements. 

j  second  group  will  consist  of  those  which  fulfill  the  same 
ions  as  the  first,  except  that  they  will  be  required  to  give 
tbe  minute  or  half  minute  nearest  to  the  beginning. 
are  eleven  which  answer  to  these  requirements. 
*  third  group  will  include  all  that  remain  after  taking  out 
9  I,  II,  and  the  stopped  clocks.  Some  of  these  state  that 
ae  is  that  of  the  beginning,  but  fail  to  show  that  any  attempt 
tade  to  ascertain  the  error  of  the  time-piece.  Some  give  a 
ctory  account  of  the  time-piece,  but  fail  to  state  the  phase 
ich  the  reported  time  refers.  Many  do  neither  the  one 
e  other.  The  number  of  reports  in  this  group  is  125. 
$  fourth  group  consists  of  accepted  reports  of  -clocks 
$d  by  the  first  great  shock.  The  clocks,  however,  must 
ted  to  have  been  regulated  carefully  by  standard  time  or 
al  time  known  to  be  equally  accurate, 
dl  the  groups  there  is  more  or  less  discordance  among  the 
1  observations,  no  two  giving  the  same  speed.  As  the 
of  the  first  two  groups  are  believed  to  be  mainly  of  the 
ntal  class,  the  best  method  seems  to  be  to  submit  them 
3  process  of  least  squares.  The  equations  of  condition 
be  formed  very  simply  in  the  following  manner :  The 
ited  time  of  the  beginning  at  the  centrum  (which  has  already 
jiven)  must  be  presumed  to  have  some  error,  which  may  be 
lated  by  x.  if  t0  be  the  computed  time  at  the  centrum 
36)  ana  t  the  reported  time  at  any  other  locality,  then 
i  =  the  number  of  seconds  in  the  observed  time-interval 
by  the  wave  to  travel  from  the  centrum  to  the  place  of 
ration.  If  D  be  the  distance  in  statute  miles,  and  y  the 
er  of  seconds  or  fraction  of  a  second  required  to  travel  one 
we  may  form  the  following  equation :  x+Dy=t— 19,  in 
i  there  are  only  two  unknown  quantities,  x  and  y.  This 
es  that  the  speed  is  uniform.  If  this  implication  differs 
y  from  the  truth,  indications  of  it  may  be  expected  to 
ir  in  the  residuals.  It  is  necessary  to  put  the  equations  of 
tion  into  a  form  in  which  a  time  and  not  a  speed  shall  be 
nknown  quantity,  because  the  times  and  not  the  distances 
he  data  into  which  the  greatest  uncertainty  enters.  If, 
ng  v  for  the  speed  of  transmission,  we  put  our  equations 
the  form  of  v(t  —  t0)=D,  they  would  be  subject  to  the 
Jtionthat  their  uncertain  quantities  would  be  the  coeffi- 
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cients  of  the  unknown  quantities  and  not  the  absolute  terms. 
The  distances  from  the  centrum*  have  been  taken  from  the 
Land  Office  map  of  the  United  States  by  measurement  with  a 
scale.  They  are  subject  to  possible  errors  as  great  as  three  or 
four  miles,  but  this  error  is  so  small  in  comparison  with  the 
best  times  that  the  distances  may  be  regarded  as  sensibly  exact. 
The  following  reports  constitute  the  first  group.  For  the 
sake  of  brevity  the  full  accounts  of  these  reports  are  here 
omitted.     They  will  appear  in  the  final  work  on  the  earthquaka 


Group  I. —  The  beet  Observations. 


Locality.  State.  Distance. 

Centrum,  S.  C.  0 

Washington,  D.  C.  452 

Washington,  D.  C.  452 

Baltimore,  Md.  487 

New  York,  N.  Y.  645 

Dyersburg,  Tenn.  509 


Time  9h+ 

TO.  9. 


51 
53 
53 
53 
54 
54 


06 
20 
23 
20 
30 
00 


Weight. 
2 
2 
2 
1 
2 
1 


Obterrcr. 


Prof.  Newcomb 
Alex.  McAdie. 
R.  Randolph. 
M.  C.  Whitney. 
Louis  Hughes. 


From  these  observations  the  following  equations  of  condition 
mav  be  formed. 


wt. 
2 
4 
1 
1 
2 


Betid. 

—  26 
+  16 
+13-9 

—  08 

—  IS 


x  +  Oy  =  0 

x   +  452y  =  1355 

x  +  487y  —  134 

x  +  569y  =  174 

x  +  645y  z=  204 

By  the  process  of  least  squares  the  normal  equations  are : 

lOa;  +  4154   =        1258 

4154a;  +  2210196   =  672408 

The  solution  is,  x  =  -  2'6s.  ±  47s..  and   y  =  0*309  db  001 
The  resulting  speed  is,   3'236±(ri05   miles   or  5205  ±  16& 
meters  per  second. 

Group  II. —  Good  reports,  giving  the  time  of  beginning  to  the 

nearest  minute  or  half  minute. 

Locality. 

Centrum, 

Xnshville, 

Covington, 

Pikesville, 

Evansville, 

Cleveland, 

Cleveland, 

Crawfnnlsville, 

Bel  v  id  ere, 

New  York, 

Stockbridixe, 

Albany, 


State. 

Distance. 

.   Time. 

Weigh 

Observer. 

s.  c. 

0 

51n,068 

2 

Tenn. 

43b 

53    30 

1 

J.  D.  Leonard. 

K>- 

488 

53   41 

1 

Jos.Brookshaw. 

Md. 

490 

53   30 

1 

C.  R.  Goodwin. 

Ind. 

545 

54 

1 

F.  W.  Xorton. 

O. 

604 

54 

1 

Wra.  Line. 

O 

604 

54 

1 

G.  H.  T6wer. 

Ind. 

620 

54 

* 

E.  C.  Simpson. 

X.  J. 

622 

54 

1 

G.  W.  Holstem 

X.  Y. 

645 

54  30 

1 

N.  Y.  Herald- 

Mass. 

765 

56 

i 

J.  O.  Jacot. 

N.  Y. 

770 

55 

1 

W.  G.  Tucker- 
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From  these  , 

we  may  form  the 

following  equations. 

Weight.                  Betldualt. 

x  - 

h       Oy  =z       0 

2                       -     16 

X   - 

-  438y  =  144 

1                    -    9-8 

X   - 

-   488y  =   155 

1                   —  53 

x  +  490y  =  144 

1                   -f   6-3 

x  -f  545//  =   174 

1                   —   66 

x  +  604?/  =   174 

2 

-11-6 

x  +  620y  =   174 

i                  H 

-16-6 

x  +  622y  =   174 

1                  +17-2 

x  +  645y  =  204 

1                   -   56 

x  +   76oy  =  294 

i                  -58-4 

as  4-   *70y  =  234 

1                  +  3-1 

The  normal  equations  are  : 

12  X  +  5898*5  y  z=  1811. 
5898-53  -f  3577366-5  y  =  1100677. 

The  solution  gives  x  =  -  l;6s.  =b  7 -7s.  y  =  0*31  rh  0-014s. 
The  resulting  speed  is,  3*226  ±  0*147  miles  or  5192  ±  236 
meters  per  second. 

Group  III  consists  of  reports  which  fail  to  give  either  the 
means  of  judging  of  the  comparative  accuracy  of  clocks  and 
watches  or  of  determining  to  what  phase  the  observation  re- 
ferB.    Many  and  indeed  the  majority  of  them  are  defective  in 
both  of  these  respects.     Quite  probably  some  of  them  are  good 
observations  but  fail  to  give  the  evidence  of  it.     So  far  as 
errors  of  clocks  and  watches  are  concerned  the  errors  may  be 
considered  as  belonging  to  the  accidental  class.     But  all  errors 
as  to  the  phase  must  be  systematic.     That  some  of  them  refer 
to  more   or  less  advanced  phases  is  certain,   and  it  becomes 
difficult  to   determine   how  many  of   them   do   60,  and   how 
great  is  the  average  tardiness.     It  is  obvious  that  the  effect  of 
all  such  errors  is  to  make  the  time  too  late  and  the  resulting  speed 
too  slow.    The  general  indications  are,  however,  that  this  system- 
atic error  is  not  a   large   one.     By   comparing   miscellaneous 
sports  from  those  cities  which  have  also  given  better, verified 
Sports  belonging  to  groups  I  and  II  there  seems  to  be  a  ten- 
dency of  the  average  value  of  this  error  to  fall  between  one- 
tenth  and  one-twentieth  of  the  mean  value  of  the  time-interval. 
In  discussing  this  group  it  seems  unnecessary  to  go  to  the 
■     length  of  formulating  a  hundred  equations  of  condition,  and  an 
equally  good  result  or  even.a  better  one  may  be  obtained  by  the 
following  more  summary  process.     We  may  take  them  in  sets, 
1     the  first  of  which  shall  comprise  all  times  within  20O  miles  of 
!     «te  centrum,  the  second  set  all  between  200  and  300  miles,  the 
"*ird  all  between  300  and  400  miles,  and  so  on  until  the  last, 
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which  shall  comprise  all  beyond  8iM>  miles.  In  each  set 
then  take  the  wuijrlited  nritlimetic  means  of  the  times 
tances  as  if  they  were  single  observationa 

Group  III. — List  of  125  miscellaneous  Time  Repo 


Columbia, 

a  c! 

Savaunah, 

Augusta, 

Ua. 

Launnburg, 

N.  C. 

Brunswick, 

Ga, 

Macon, 

Gfi. 

Jacksonville, 

Kit. 

Fernsudina. 

Fla, 

Olustee, 

Fla. 

Palatka. 

Fla. 

Thomaisville, 

Gfl. 

Wyiheville, 

Va, 

Knox  vil  le, 

Zellwood, 

Fla. 

Chattanooga, 

Tenn. 

Norfolk, 

Va. 

UnJTeraity, 

Ala. 

A  Hii  land. 

Ti. 

Shelby  Iron  Works, 

Ala. 

Catlettsburg, 

Ky. 

Pungoteague, 

Va. 

Decalur, 

Ala. 

Iron  ton. 

0. 

Nasi]  Title, 

Tenn. 

Washington, 

D.  C. 

Louis  Til  le, 

Kv. 

Baltimore, 

ltd. 

Day  ion, 

Ky. 

Newport. 

Ky. 

Cincinnati, 

0. 

Lancaster, 

0. 

Wyoming, 

0. 

Columbus, 

0. 

Hamilton, 

0. 

Paris, 

Tenn. 

Pittsburg, 

Pa. 

Brookville, 

Ind 

New  Philadelphia, 

0. 

Sewickly, 

Pa, 

Mt.  Veroon, 

0, 

Wellaville, 

0. 

Oxford, 

Miss, 

Paducah, 

Ky. 

Philadelphia, 

I'a. 

Burlington, 

N.  J. 

Indianapolis, 

Intl. 

111. 

TiiiiRville, 

Pa. 

Ark. 

Tol,.,lo. 

0. 

Newark, 

N.J. 

Jamestown, 

S.  Y. 

5  miscellaneous  Time 

instance 

Time.     Wt 

so 

6L-30>      1 

8D 

52             1 

sa 

51  53      1     me.ii 

51  30     2    roeau 

135 

SI            1 

1SS 

53  30       1 
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Locality. 

Stole. 

Distance. 

Time. 

Wt.            Remarks. 

Brooklyn. 

N.  Y. 

643 

54»30» 

3    mean  of  4  good  obs. 

New  York, 

N.  Y. 

645 

54  12 

6    mean  of  10  obs. 

Hackensaok, 

N.J. 

654 

54 

Warwick, 

N.  Y. 

661 

56 

Gowanda, 

X.  Y. 

666 

55 

Detroit, 

Mich. 

675 

55  12 

3    mean  of  5  obs. 

Valparaiso, 

Ind. 

705 

53 

London, 

Ont 

706 

55 

Peoria, 

111. 

710 

55 

New  Haven, 

Conn. 

711 

55  30 

2    mean  of  2  obs. 

Tort  Huron, 

Mich. 

712 

55 

Hudson, 

N.  Y. 

747 

67 

Hartford, 

Conn. 

747 

54  45 

2    mean  of  2  good  obs. 

Stuyvesant, 

N.  Y. 

760 

57 

East  Saginaw, 

Mich. 

766 

58 

Albany, 

N.Y. 

770 

56  40 

Fonda, 

N.  Y. 

775 

55 

Saratoga. 

N.Y. 

797 

53 

Greenfield, 

Mass. 

799 

55 

Keokuk, 

Iowa. 

810 

56 

2    2  obs. 

Dighton, 

Mass. 

812 

56 

Davenport, 

la. 

827 

55 

Lake  Placid. 

N.Y. 

827 

55 

Jamaica  Plain, 

Mass, 

828 

57 

Blue  Mt  Lake, 

N.Y. 

830 

56 

Bellows  Falls, 

Vt. 

832 

53 

Boston, 

Mass. 

832 

55  30 

1     2  obs. 

Dubuque, 

la. 

878 

57 

Prairie  du  Chien, 

Wis. 

924 

56  30 

'aking  these  in 

groups 

in  the  manner  just  indicated  we  ha\ 

Weight.             Residuals. 

Centrum 

X   + 

Oy  = 

0 

2            +  406 

0  to  155 

x  + 

Illy  = 

39 

9           +   1-90 

203  to  284 

X  +   240i/  = 

84 

8            —      -28 

302  to  377 

x  +  342y  = 

122 

7            -   4'43 

405  to  491 

x  +  462y  = 

158 

16           —     -60 

501  to  588 

x  +•  542y  = 

184 

18            —      -05 

608  to  675 

x  + 

647y  = 

217 

20            +    1-80 

705  lo  799 

x  - 

744<y  = 

255 

15            -    4-00 

810  to  924 

x  - 

83  7y  = 

278 

11            +   3-85 

The  normal  equations  are : 

106#  4-  5576Sy  =  18940. 
55768*  +  34474772.y  =  11668675. 

The  solution  gives  x  =+  4*06  ±  1-7  seconds,  y  =  0*3319  =b 
0-0029.  The  resulting  speed  is,  3013  ±  0'027  miles  or  4848 
rfc  43  metres  per  second.  To  this  result  some  correction  must 
be  applied  for  the  systematic  error,  which,  as  already  stated, 
there  is  reason  to  believe  probably  lies  between  one-tenth  and 
one-twentieth  of  the  mean  time-interval  and  therefore  of  the 
sj>eed.  Suppose  it  be  taken  at  one-fifteenth  of  the  amount, 
with   a  probable  error  of  one  third  of  the  correction.     This 
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would  make  the  corrected  result  3*214  ^0-072  miles  or 
d=  116  metres  per  second. 

Stopped  Clocks. 
It  is  natural  to  suppose  that  if  a  clock  were  Btopped  1 
earthquake  and  if  its  error  at  the  time  were  known  it  t 
give  tne  best  possible  record  of  the  time  of  advent  of  the  s 
An  examination  of  the  time  reports  of  this  earthquake, 
ever,  strongly  contradicts  this  conclusion.  A  clock  inaj 
at  almost  any  phase  of  the  disturbance.  A  sensitive  one 
pass  through  an  earthquake  of  considerable  violence  an* 
stop  at  all.  A  jeweler's  clock  in  -Charleston  was  found 
the  next  morning,  and  when  the  telegraph  wires  were  re-oj 
its  error  was  found  to  be  small,  showing  that  its  escapemei 
missed  very  few  beats,  if  any.  Clocks  in  Columbia,  Sava 
Augusta  and  Wilmington,  ^N".  C,  in  many  cases  kept  £ 
Inquiry  at  Wilmington  elicited  the  reply  that  no  iew 
clocks  liad  been  stopped.  Several  reports  describe  clocks  i 
rates  are  satisfactorily  vouched  for  but  whose  times  can  1 
counted  for  only  upon  the  theory  that  they  were  stoppt 
the  second  powerful  shock,  which  was  felt  at  Charleston 
five  minutes  after  the  principal  one,  e.  g.,  Brauchville, 
Augusta,  Rome,  Ga.,  Cape  Canaveral,  Camden,  Ala.,  Men 
Tenn.  There  are  some  cities  where  the  time  of  begiim 
well  established  by  independent  observation  and  which  al 
port  stopped  clocks.  In  every  such  ca6e  the  time  of  the  stt 
clock  is  much  later.  Thus  at  Nashville  the  time  of  begi 
was  noted  by  a  clock  which  continued  going  for  42  se 
and  then  stopped.  Similar  means  of  comparison  come 
Cincinnati,  Covington,  Ky.,  Pittsburg,  Newark,  N.  J.,  Bro 
and  New  York.  And  in  general  wfierever  stopped  clock 
be  compared  with  really  good  personal  observations  they  i 
ably  show  a  later  time  and  usually  a  much  later  one.  Th 
ference  is  plainly  due  to  the  fact  that  it  generally  takes  a 
siderable  time  and  an  accumulation  of  the  effects  of  the 
tions  of  the  building  upon  the  pendulum  to  stop  a  clock, 
attempt  has  been  made  to  evaluate  this  difference  by  t 
those  cases  where  a  comparison  can  be  made  between  the 
ings  of  stopped  clocks  and  independent  determinations  < 
times  of  the  beginning  in  the  same  locality. 

Intervals  by  Intervals  by 

Locality.  State.  personal  obe.  stopped  clocks.       Ratios. 

Seconds.  Seconds. 

Nashville,  Tenn.  144  18G  1-29 

Covington,  Ky.  155  235  1*52 

Cincinnati,  O.  155  195  1*26 

Pittsburg,  Pa.  174  234  1-34 

Brooklyn,  N.  Y.  204  234  1-15 

New  York,  N.  Y.  204  249  1*22 

Mean  ratio,  1*28 
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In  the  above  table  the  comparison  at  Cincinnati  takes  account 
only  of  a  single  clock,  whose  error  happened  to  be  known  ex- 
actly. The  time  of  beginning  in  that  city  is  also  known  with 
exceptional  certainty  and  accuracy.  It  will  not  differ  more 
than  eight  or  ten  seconds  from  9h.  1 6m.  (Cincinnati  local 
mean  time  or  9h.  53m.  41s.).  If  we  consider  Cincinnati  and 
suburban  towns  within  fifteen  miles  of  the  city  which  are 
supplied  with  local  time  from  the  Cincinnati  observatory,  we 
have  no  less  than  twenty-two  time  reports,  of  which  nine  are 
stopped  clocks.  Two  personal  observations  giving  9:15  local 
have  been  rejected  because  they  are  multiples  of  five.  One 
report  giving  9:17:45  has  been  rejected  because  its  author,  be- 
sides indicating  that  it  refers  to  an  advanced  phase,  throws 
doubt  on  his  own  observation.  Of  the  remaining  ten  personal 
observations  one  gives  9:15:40,  eight  give  9:16,  and  one  gives 
9:16:30.  Of  the  stopped  clocks,  three  were  in  the  central  of- 
fice of  the  Western  Union  Telegraph  Co.  They  kept  standard 
time  and  were  read  only  to  the  nearest  minute.  All  three  are 
reported  to  have  stopped  at  9:54.  The  clock  in  the  tire  tower 
is  the  one  whose  error  was  known.  Its  corrected  reading  was 
9:16:40.  The  remaining  clocks  gave  (9:15),  (9:16),  (9:17),  (9: 
17:20),  and  (9:19).  Four  of  the  latter  were  from  the  suburban 
town  of  Lockland.  Reducing  to  standard  time  and  taking  their 
mean,  the  ratio  of  the  time-interval  by  stopped  clocks  to  that 
by  personal  observation  is  1.26,  a  result  identical  with  that  de- 
rived from  the  clock  in  the  fire  tower  alone  and  nearly  the 
same  as  that  in  the  tabla  There  is  reason  to  believe,  however, 
that  this  ratio  is  a  little  too  great  for  the  mean  of  stopped 
clocks  throughout  the  entire  country,  and  especially  so  for 
those  of  very  distant  localities ;  for  if  the  ratio  were  uniform, 
the  absolute  differences  between  the  two  kinds  of  data  would 
be  very  wide  in  remote  regions  and  small  near  the  centrum. 
This  is  not  the  case.  The  absolute  differences  at  very  remote 
localities  are  very  little,  if  any,  greater  than  those  at  the  middle 
distances.  This  difficulty  prevents  us  from  assigning  any 
specific  value  to  the  correction  and  from  determining  its  prob- 
able error.  Nevertheless  the  comparisons  just  made  indicate 
that  the  systematic  error  is  probably  of  such  magnitude  that,  if 
due  allowance  were  made  for  it,  the  corrected  result  for  the 
stopped  clocks  would  not  differ  much  from  those  of  the  pre- 
ceding groups.  While  this  group  furnishes  evidence  which 
strongly  supports  the  approximate  correctness  of  the  results  of 
the  other  three  it  cannot  be  a  source  of  greater  precision  nor 
can  it  furnish  the  means  of  reducing  the  final  probable  error. 
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Group  IV. 

— Stopped  Clocks. 

Locality. 

State. 

Distance. 

Time. 

No.  of  clocks. 

Centrum, 

S.  C. 

0 

51n 

'06f 

Charleston, 

s.  c. 

20 

51 

12 

4 

Columbia, 

s.  c. 

89 

51 

2 

Savannah, 

Ga. 

89 

51 

55 

o 

Langley, 
Augusta, 

S.  c. 

Ga. 

103 
HI 

53 

52 

1 
1 

Cochran, 

Ga. 

192 

52 

2 

Macon, 

Ga. 

203 

51 

30 

1 

Jacksonville, 

Fla. 

211 

52 

1 

Atlanta, 

Ga. 

252 

52 

22 

4 

Catlettsburg, 
Nashville, 

Kv. 

Tenn. 

405 
438 

53 
54 

12 

1 
1 

Columbus, 

Miss. 

481 

56 

I 

Covington, 
Cincinnati, 

0. 

488 
491 

55 
54 

1 
3 

Cincinnati, 

0. 

491 

54 

21 

1 

Meridian, 

Miss. 

500 

54 

1 

Lockland, 

0. 

505 

54 

26 

4 

Havre  de  Grace, 

Md. 

515 

55 

1 

Pittsburg, 
Newcastle, 

Pa. 
Del. 

525 
538 

55 
54 

1 
1 

Atlantic  City, 
Wooster, 

N.  J. 
0. 

552 
558 

54 
55 

45 

1 
1 

Newcastle, 

Pa. 

565 

55 

1 

Indianapolis, 

Memphis, 

Cairo, 

Ind. 

Tenn. 

111. 

581 

587 
588 

55 
54 
53 

50 

1 
6 
1 

Meadville, 

Pa. 

608 

55 

1 

Newark, 

N.  J. 

640 

55 

1 

Brooklyn, 
New  York, 

N.  Y. 

643 

55 

1 

N.  Y. 

645 

55 

15 

2 

Ithaca, 

N.  Y. 

696 

55 

\ 

Manistee, 

Mich. 

855 

57 

1 

We  may  arrange  these  in  groups  or  sets  according  to  tl 
distances,  as  was  done  in  the  discussion  of  group  III,  and 
tain  the  following  equations  of  condition. 

0  to    89  x  +    59y  =     15 

103  to  192  x  +  150y  =     69 

203  to  252  x  +  234//  =110 

405  to  491  x  +  469y  =  194 

500  to  588  x  +  549y  =  209 

608  to  696  x  +  642y  =  237 

855  x  -j-  855y  =  354 

The  normal  equations  are  : 

45a  +  183335  y  =  7172. 
18335a  +  9567895  y  =  3717233. 


lght. 

Residual*. 

+  1229 

4 

-     7-21 

5 

—  16-37 

-   11-29 

6 

+     404 

5 

+  12*80 

1 

-  24*97 
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From  which  x  =  +  5*0,  y  =  0*379.  The  resulting  speed  is 
2-638  =h  0-105  miles,  or  4245  =fc  168  meters  per  second.  If  the 
correction  for  the  systematic  error  has  a  value  approximately 
that  which  has  been  derived  from  the  comparisons  of  the 
stopped  clocks  with  well  determined  times  of  particular  locali- 
ties, or  not  less  than  one-fifth  the  amount,  the  corrected  speed 
would  be  from  5100  to  5200  meters. 

We  may  now  proceed  to  combine  the  results  of  the  first  three 
groups  and  obtain  from  them  a  single  mean.  The  probable 
error  of  the  fourth  group  being  uncertain  it  is  necessary  to 
omit  it.  Taking  the  weights  inversely  as  the  squares  of  the 
probable  errors  we  have : 

Group  I,  5205m  ±  168m         2 

Group  II,  5192m  db  236m         1 

Group  III,         5l7lm  db  116m         4 

Mean  result,      5184m  db    80m 

It  remains  to  inquire  whether  the  data  indicate  any  variation 
of  the  speed.  The  answer  is  in  the  negative.  The  data  are 
inconsistent  with  any  variation  of  a  systematic  character  and 
there  is  no  apparent  means  of  detecting  an  unsystematic  one. 
A  small  irregular  variation,  such  as  might  be  caused  by  varying 
density  and  elasticity  of  the  propagating  medium,  would  not 
he  inconsistent  with  the  data ;  but  the  evidence  of  it  cannot  be 
separated  from  the  errors  of  observation. 


Art.  II. — History  of  the  changes  vA  the  Mt.  Loa  Craters; 
by  James  D.  Dana.     Part  1  Kilauea.     (With  Plate  I). 

[Continued  from  vol.  xxxiii,  p.  433  (Jane),  vol.  xxxiv,  p.  81  (August),  and  p.  349 

(November).] 

4.  General  Summary,  with  Conclusions. 

From  the  foregoing  review  of    publications  on   Kilauea, 
it  appears  that  we  have  already  much  real  knowledge  about 
the  changes  in  the  crater,  and  that  this  knowledge  embraces 
facts  that  are  fundamental  to  the  science  of  volcanic  action. 
This  will  be  made  more  apparent  by  the  Summary  and  Con- 
clusions which  follow.     It  will  be  convenient  to  consider,  first, 
the  Historical  conclusions,  and  secondly,  the  Dynamical. 

I.  HISTORICAL. 
I.  Periodicity  or  not  in  the  discharges  of  Kilauea. 

In  the  sixty-three  years  from  1823  to  1886,  there  appear 
to  have  been  at  least  eight  discharges  of  Kilauea.  Four  of 
them  were  of  prime  magnitude — those  of  1823,  1832,  1840 
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and  1868— distinguished  by  a  down-plunge  in  the  floor  of  the 
crater  making  in  each  case  a  lower  pit  several  hundred  feet 
deep.  Others,  as  those  of  1849,  1865, 1879,  1886,  were  minor 
discharges,  discharges  simply  of  the  active  lakes,  without  any 
appreciable  or  noticed  sinking  of  the  floor  of  the  crater.  The 
eruption  of  1849  might  be  questioned ;  but  it  was  preceded 
by  tar  more  activity  in  the  crater  than  that  of  1886.  Other 
subterranean  discharges  may  have  occurred  since  1840  of  which 
no  record  exists.  Even  small  breaks  below  might  empty 
Halema'uma'u. 

The  mean  length  of  interval  between  the  first  three  erup- 
tions was  8  to  9  years  (xxxiv,  81).  The  great  eruption  of  1789, 
the  only  one  on  record  before  that  of  1823,  occurred  34  years 
back  of  1823,  or  4  X  8-J-  years ;  and  the  1868  eruption  was 
3  X  H  years  after  that  of  1840. 

The  above  approximate  coincidences  in  interval  and  multiples 
of  that  interval  seem  to  favor  some  law  of  progress.  But  it  is 
not  yet  proved  that  they  have  any  significance.  The  minor 
eruptions  which  have  been  referred  to  above  have  intervals 
varying  from  6  to  13  years.  Moreover,  looking  to  the  summit 
crater  of  Mt.  Loa  for  its  testimony,  we  find  still  greater  irregu- 
larity, the  successive  intervals  between  its  six  great  outflows 
from  1843  to  1887  being  9,  4,  3J,  9,  12£,  6J  years. 

A  partial  dependence  of  the  activity  of  trie  fires  on  seasons 
of  rains  was  suggested  by  Mr.  Coan ;  and  there  is  some 
foundation  for  the  opinion  in  the  times  of  occurrence  of  the 
Kilauea  discharges  mostly  within  the  four  months,  March  to 
June,  as  shown  in  the  following  table : 

1823  March?  1855  October. 

1832  June  (Jan.?)  (xxxiii,  445)  1868  April  2. 

1840  May.  1879  April  21. 

1849  Mav.  1886  March  6. 

In  addition,  there  was  a  brightening  of  the  fires  around  th^ 
crater  in  October  of  1863 ;  and  again  in  May  and  June  of  1866  ; 
whether  followed  by  a  discharge  of  the  Great  Lake  is  not 
known.  The  future  study  of  the  crater  should  have  special 
reference  to  this  point. 

2.  Mean  rate  of  elevation  of  the  floor  of  the  crater  after  the  greaC 

eruptions. 

After  the  eruption  of  1823,  between  the  spring  of  that 
year  and  October  of  1829,  an  interval  of  6£  years,  tho 
bottom,  if  the  depth  was  800  feet  as  inferred  after  th^ 
measurement  of  the  upper  wall  by  Lieut.  Maiden,  rose  at  » 
mean  annual  rate  of  138  feet,  or,  taking  the  depth  at  600  feet, 
of  93*3  feet.     Lieut.  Maiden's  900  feet  for  the  upper   wall* 
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sustained,  after  explanation  (xxxiii,  440),  may  need  reduction  on 
the  ground  that  the  present  width  of  the  crater  is  greater  than 
in  1825,  owing  to  falls  of  the  walls ;  bat  it  is  useless  with 
present  knowledge  to  make  any  definite  correction.  Only 
general  results  are  possible. 

After  the  1832  eruption,  the  lower  pit  in  February  of  1834, 
was  362  feet  deep,  by  the  barometric  measurement  of  Mr. 
Douglas,*  and  in  May  of  1838,  about  4£  years  later  it  was 
filled  to  within  40  feet  of  the  top ;  whence  the  mean  annual 
rate  of  71£  feet. 

After  the  1840  eruption,  between  January,  1841,  and  the 
summer  of  1846,  5£  years,  the  342  feet  of  depth,  found  for  the 
lower  pit  by  the  Wilkes  Expedition,  was  obliterated,  and  the 
floor  was  raised  on  an  average  40  or  50  feet  beyond  this  ;  a  rise 
of  400  feet  v\  the  5£  years  would  give  for  the  mean  annual 
rate,  72f  feet. 

Subsequent  to  1846  the  rising  of  the  floor  was  slower. 
Between  1846  and  1868,  22   years,  the  rise  over  the  central 

Jlateau  is  estimated  at  200  feet.     It  is  not  certain  that  subsi- 
ences  in  the  plateau  of  greater  or  less  amount  did  not  take 
place  at  the  eruptions  of  1849  and  1855,  or  at  other  times. 

3.  Levels  of  the  floor  after  the  eruptions  of  1823,  1832,  1840, 1868 

and  1886. 

The  measurements  of  depth  already  given  and  the  mean 
annual  rate  of  progress  deduced  are  approximate  data  for 
determining  the  depth  of  the  lower  pit  as  it  existed  immediate- 
ly after  the  great  eruptions. 

The  depth  after  the  1823  eruption  is  considered  above.  To 
arrive  at  the  depth  after  the  1832  eruption,  the  depth  obtained 
in  1834  by  Douglas  has  to  be  increased  by  an  allowance  for 
change  during  the  previous  year  and  a  half,  which,  at  the  rate 
arrived  at  above,  would  give  450  feet.  This  is  so  much  less 
than  the  estimate  of  Mr.  Goodrich  (xxxiii,  446)  that  it  is 
almost  certainly  below  rather  than  above  the  actual  fact.  For 
the  depth  in  June  1840,  the  Wilkes  Expedition  measurement, 
342  feet,  should  be  increased  for  a  preceding  interval  of  seven 
months,  which  at  the  rate  deduced  above  for  the  next  four 
years,  would  make  the  amount  about  385  feet.  In  1868, 
according  to  the  two  estimates  for  the  lower  pit  (xxxiv,  92), 
the  depth  was  about  300  feet.  Mr.  Severance  of  Hilo,  in- 
formed me  in  August  last  that  the  pit  in  1868  was  as  deep  as  in 
1840.  The  lower  estimate  is  adopted  beyond.  In  1880,  the 
lower  pit  of  1868  had  wholly  disappeared,  and,  according  to 

•See  the  first  part  of  this  paper,  vol.  xxxiii,  p.  446,  June,  1887,  where  the  facts 
*re  definitely  given,  and  also  other  evideuce. 
**.  Jour.  Sci.-  Third  Series,  Vol.  XXXV.  No.  205.— Jan.,  1888. 
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the  description  of  Mr.  Brighara  (xxxiv,  95,  from  page  20  of 
the  same  volume)  the  bottom  of  the  crater  had  already  the 
form  of  a  low  eccentric  cone,  the  surface  rising  from  the  foot 
of  the  encircling  walls  to  the  summit  about  Halema'uma'i 
This  haiB  continued  to  be  the  form  of  the  bottom,  and  the 
Government  map  gives  the  present  depth.  (See  the  accom- 
panying Plate  I).* 

The  following  table  contains  (A)  the  above  deduced  figuw 
for  the  depth  of  the  lower  pit ;  (B)  the  height  of  the  htqhi 
part  of  the  western  wall ;  and  (C)  the  level  of  the  center  of 
the  pit  below  the  top  of  the  western  wall 


Depth  of  Lower  Pit. 

Height  of  W.  Wall 
above  ledge. 

Height  of  W.Wd 
above  center  « 
botsoav 

eruption  of  1 823 
1832 
1840 

600         (800? ) 
450         (600? ) 
385 

900  (?)  Maiden 
715  Douglas 
650  Wilkes  f 

1500    (1700?) 
1165    (1315!) 
1030 

1868 
1886 

300 
0 

600(550?) 

500  Govt.  Survey 

900      (8501) 
380 

These  numbers  have  much  instruction  in  them  notwithstand- 
ing all  uncertainties.  The  following  diagram,  based  on  them, 
represents  a  transverse  section  of  the  crater  at  the  several  levels 
of  the  floor  and  black  ledge.  The  minimum  depths  for  1888 
and  1832  are  here  accepted,  there  being  in  them  no  probability 
of  exaggeration. 


•00 

.1000 
4100 
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The  sides  of  the  pit  in  tliis  section  are  made  vertical  from 
1823  onward — an  error  which  there  are  no  data  for  correcting. 

*  Mr.  Brigham's  paper  gives  results  of  his  barometric  measurements  in  1880, 
that  are  not  reconcilable  wiih  those  of  the  Government  or  of  earlier  determni- 
tions  except  on  the  assumption  of  great  changes  of  level  between  1880  and  1886 
and  small  difference  of  level  as  regards  the  base  of  the  cone  between  1840  vA 
1880.  His  depths  are  (550  feet  at  the  northern  base  of  the  cone  near  the  place  of 
descent,  where  Wilkes  made  the  depth  650  feet,  and  the  Government  map  a 
1886,  481  feet;  and  300  at  Halema'uma'u,  where  the  Government  survey  made  tin 
depth  nowhere  less  than  320  feet.  By  the  reported  measurements,  the  cone  had t 
height  of  3r>0  feet  in  1880,  and  of  150  in  1880;  accordingly  the  base  of  the  cone 
to  the  north  had  been  raised  140  feet  in  the  0  years  after  1880  while  nothing  or 
little  in  the  40  years  preceding  it,  although  lar^e  overflows  during  the  interval, 
adding  50  to  100  feet  to  its  height,  are  mentioned  by  Mr.  Brigham  and  others; 
and  the  level  about  Halema'uma'u  had  lost  30  feet  between  1880  and  1886.  The 
latter  difference  of  level  is  not  impossible  ;  but  the  former  it  is  natural  to  ques- 
tion, since  so  great  a  rise  of  the  border  in  6  years  could  not  have  taken  place  by 
any  method  without  being  noticed. 

f  The  Wilkes  Expedition  appears  to  have  made  the  place  of  encampment  the 
datum  point.  The  exact  position  of  the  place  is  not  precisely  known.  It  may 
probably  be  ascertained  nearly  enough  to  give  by  leveling  the  height  with  refer- 
ence to  the  Volcano  House;  but  at  this  time  the  height  has  not  been  determined. 
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The  diminution  since  1823  in  the  height  of  the  western  wall 
above  the  black  ledge  is  probably  due  almost  wholly  to  the 
flooding  of  the  black  ledge.     According  to  the  numbers,  this 
diminution  was  about  185  feet  from  1823  to  1832 ;  65  from 
1832  to  1840;  and  160  feet  since  1840.     But  subsequent  to 
1840,  as  Emerson's  map  shows,  the  diminution  of  level  along 
the  black  ledge  or  lateral  portion  of  the  pit  has  been  much  less 
than  over  the  central,  the  amount  of  diminution  at  center  having 
been  at  least  200  feet,  and  about  Halema'uma'u  250  to  300  feet. 
The  bottom  of  the  emptied  basin  of  Halema'uma'u  after  the 
eruption  of  1886  was  900  feet  below  the  Volcano  House  ;  and 
this  was  50  to  100  feet  above  the  liquid  lava  of  the  basin  in  1840. 
The  relations  between  the  amounts  discharged  in  1823, 1832, 
1840  and  1868  could  be  approximately  inferred  from  the  size 
of  the  lower  pit  as  determined  by  the  mean  breadth  of  the 
black  ledge,  if  the  width  of  the  crater  were  the  same  at  all  pe- 
riods.    But  in   addition  to  other  uncertainties  we  have  that 
arising  from  sloping  walls,  and  very  sloping  on  the  southeast 
aide.    The  pit  of  1823  should  therefore  have  been  narrower  at 
the  black-ledge  level  than  that  of  1840.     Still,  the  width  of 
the  ledge  in  1823,  according  to  all  the  observations  and  maps, 
was  so  very  narrow  compared  with  that  in  1840,  that  we  may 
feel  sure  of  the  far  larger  amount  of  the  earlier  discharge.    But 
the  depth  of  the  lower  pit  was  also  greater  in  1823,  and  this 
requires  an  addition  of  one  half  to  the  amount  which  the  area 
of  the  lower  pit  suggests,  if  not  a  doubling  of  it. 

For  an  estimation  of  the  discharge  of  1832  we  are  still  more 
uncertain  as  to  the  mean  width  of  the  ledge.  But  that  the 
ledge  was  narrow,  much  like  that  of  1823,  is  most  probable. 
Id  1868  the  down-plunge,  according  to  the  most  reliable  esti- 
mate, was  a  fourth  less  than  in  1840,  the  depth  of  the  pit  being 
not  over  300  feet. 

There  are  no  sufficient  data  for  putting  in  figures  the  rela- 
tive amounts  of  discharge  at  the  great  eruptions.  But  the 
general  fact  of  a  large  diminution  in  the  amounts  since  the  first 
in  1823  is  beyond  question.  It  has  to  be  admitted,  however, 
that  we  can  hardly  estimate  safely  the  discharge  in  1868  from 
the  size  of  the  pit  then  made,  since  the  thickness  of  the  solid 
floor  of  the  crater  may  have  prevented  as  large  a  collapse  in 
proportion  to  the  discharge.  But  it  did  not  take  place  until 
28  years  had  passed  after  1840,  and  this  strengthens  the  evi- 
dence as  to  an  apparent  decline  in  the  outflows,  whatever  be 
true  as  to  the  activity.  The  following  eighteen  years  produced 
only  minor  eruptions. 

4.  Other  points  in  the  Topographic  history  of  the  Kilauea  region. 

Besides  the  points  considered,  the  chief  events  in  the  topo- 
graphic history  since  1823  are :  (1)  avalanches  and  subsidences 
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along  the  border  of  the  crater;  and  (2)  overflowings  and  changes 
of  level  over  the  bottom. 

Down-falls  of  the  walls  and  sinkings  of  the  borders  are  re- 
ported as  having  been  common  during  periods  of  eruption  and 
earthquake ;  bat  direct  testimony  as  to  the  amount  at  any  time 
does  not  exist.  In  view  of  the  great  numbers  of  deep  fis- 
sures about  Kilauea  (xxxiv,  858)  and  the  many  fault-planes  and 
sunken  areas,  the  fact  cannot  be  doubted ;  and  Mr.  Brigham 
has  estimated*  that  the  crater  in  1880  was  five  per  cent  larger 
than  it  was  18  years  before.  The  increase  in  mean  diameter 
on  this  estimate  would  be  300  feet.    I  think  the  estimate  large. 


Of  the  gradual  changes  over  the  bottom  of  the  crater  pretty 
full  records  have  been  gathered  from  the  published  accounts. 
But  we  naturally  look  with  the  greatest  confidence  to  the  maps 
that  give  the  results  of  personal  surveys,  especially  with  regard 
to  changes  in  the  outline  of  the  walls.  We  have  two  such 
maps — that  made  personally  by  "Wilkes  in  1841,  and  that  by 
Brigham  in  1865,  besides  the  recent  map  by  the  Hawaiian 
•This  Journal,  III,  niiv,  20. 
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eminent,  under  Professor  Alexander's  charge,  completed 
1886.  For  convenient  comparison  the  reduced  copies  of 
lkes's  and  Brigham's  maps  are  here  reprinted ;  that  of  the 
rernment  survey  is  reproduced  in  Plate  1  of  this  volume. 
n  using  the  maps  a  difficulty  is  encountered  at  the  outset  in 
sequence  of  a  discrepancy  between  the  first  two  of  the  maps 
I  that  of  the  Government  survey  as  to  the  dimensions  of 
crater.  Accepting  the  latter  as  right,  the  scale  of  each  of 
others  should  be  diminished  about  an  eighth  to  bring  the  three 


KILAUEA 

WM.  T.  BRIOUAM 
1865 


ps  into  correspondence.  The  maximum  diameters  in  Wilkes's 
3,  using  his  own  scale,  are  16,000  and  11,000  feet;  while 
brding  to  the  Government  map  they  are  about  14,000  and 
O  feet ;  and  the  length  of  the  line  from  K  to  B  on  the  for- 
•  is  10,000  feet  and  on  the  latter  8500  feet.  It  is  certain 
t  the  crater  in  1840  was  not  larger  at  top  than  now.  Mr. 
grham's  map  appears  to  have  been  carefully  made,  but  for 


22        J.  D.  Dana — History  of  the  Changes  in  Kilauea. 

some  reason  it  requires  the  same  correction.  Such  a  discrep- 
ancy unavoidably  throws  doubts  over  other  parts  of  the  maps. 
But  while  closer  study  increases  confidence  in  Mr.  Brigham's, 
the  result  is  not  so  satisfactory  with  the  Wilkes  map.  The 
following  remarks  suppose  the  scale  of  the  two  maps  to  have 
been  corrected. 

Wilkes's  map  of  Kilauea. — The  relations  of  the  map  made 
by  Capt.  Wilkes  to  that  of  the  Government  Survey  is  exhib- 
ited on  Plate  1,  the  outline  of  the  crater  from  the  former  being 
drawn  over  the  latter  where  it  is  essentially  divergent.  This 
diverging  part  of  the  outline  is  lettered  A  BCDE^DE show- 
ing the  outline  of  the  sulphur  banks  of  1840.  Besides  this, 
the  outline  of  the  black  ledge  of  1840  is  indicated  by  the  line 
L  L  L,  and  its  surface  by  cross-lining.  Some  important  features 
from  Brigham's  map  also  are  drawn  in  and  indicated  bv  italic 
letters.  These  include  small  lava-lakes,  the  outline  of  Hale- 
ma'uma'u  as  given  by  him,  small  cones,  fissures,  etc. 

The  plate  shows,  in  the  first  place,  a  general  conformity  be- 
tween the  eastern  wall  of  the  Wilkes  and  Government  maps, 
but  a  far  greater  width  of  sulphur  banks  in  that  of  1840. 
These  sulphur  banks  have  become  submerged  by  the  lava  flows 
of  later  time,  and  thus  the  floor  of  the  crater  has  in  this  part 
been  extended  eastward  about  2500  feet.  Of  this  I  believe 
there  is  no  doubt. 

In  the  second  place,  there  is  no  conformity  between  the 
maps  in  the  southern  half  of  the  western  wall.  Instead,  on 
Wilkes's  map,  south  of  the  Uwekahuna  station,  the  west  wall 
(ABC  on  Plate  1)  is  1200  to  1500  feet  inside  of  the  position 
of  the  existing  wall  as  given  on  the  Government  map ;  show- 
ing, apparently,  a  very  great  topographical  change  on  that 
side  oi  Kilauea  since  January,  1841,  and  one  of  the  iiighest  in- 
terest ;  a  change  either  by  subsidence,  or  by  overflowings  of 
lava  streams,  adding  nearly  10,000,000  square  feet  to  the  area 
of  the  crater. 

Looking  about  for  other  evidence  of  this  change,  and  finding 
no  allusion  to  it  in  Mr.  Coan's  reports,  and  nothing  in  Mx- 
Lyman's  paper  or  map  of  1846  (xxxiv,  83),  but,  on  the  contrary* 
a  general  conformity  in  Lyman's  map  to  that  of  the  recent 
survey,  I  was  led  to  question  the  unavoidable  conclusion? 
although  it  involved  a  doubt  of  the  Wilkes  map.  A  conse* 
quence  of  the  doubt  was  my  sudden  determination  to  revisit 
Hawaii  and  sustain  the  conclusions  from  Wilkes's  map  if  po&si" 
ble ;  for  they  made  too  large  a  piece  in  the  historv  to  be  left  tn 
doubt.  Mr.  Drayton's  sketch,  reproduced  as  I*late  12  ift  * 
former  part  of  this  paper  (xxxiii,  437),  suggested  the  method 
of  deciding  the  question. 


«/.  D.  Dana — History  of  the  Changes  in  Kilauea.        28 

The  conclusion  arrived  at  while  on  the  ground  in  August 

>  was  that  Drayton's  sketch  represented  sufficiently  well  the 
sting  outline  of  that  part  of  the  crater,  that  is,  of  the  crater 
to-day.  It  follows,  consequently,  that  the  west  wall  of  1841 
I  of  1887  are  essentially  anke  in  position,  and  that  Wilkes's 
p  of  the  southern  half  of  its  western  wall  is  1200  to  1500 
t  out  of  the  way. 

To  make  this  large  correction  on  Wilkes's  map  involves 
le  other  large  changes ;  namely,  the  widening  greatly  of  the 
ck  ledge  west  of  Halema'uma'u ;  and  also  a  probable  widen- 
l  of  the  Halema'uma'u  part  of  the  lower  pit  with  the  entrance- 
y  to  it.  Both  changes  are  favored  or  required  by  Drayton's 
itch.  The  entrance-way  referred  to  is  thus  widened  (on  the 
>und  of  Drayton's  sketch  chiefly),  from  Wilkes's  800  feet  at 

>  of  wall  to  about  1500  feet.  The  dotted  line  1/1/1/  on 
ate  1  is  believed  to  show  the  probable  limit  of  the  1840  black 
[ge  along  the  west  border  of  Halema'uma'u.* 

So  large  an  error  in  so  small  a  map  excites  an  uncomfortable 
ery  as  to  all  the  rest  of  its  details  ;  fortunately  not,  however, 
to  the  depth  of  the  crater  and  its  lower  pit,  since  this  waa 
tained  by  the  independent  measurements  of  two  of  the  Expe- 
uion  officers,  Lieutenants  Budd  and  Eld.  Moreover  the  map 
ay  be  used  for  some  general  conclusions. 

Drayton's  sketch  was  probably  taken  from  the  point  marked 
to  on  the  map,  south  of  Wilkes  s  encampment,  or  on  the  higher 
nd  to  the  west  of  this  point,  f 

The  sketch  has  three  headlands  along  the  west  wall.  Of  these, 
oly  the  second  and  third  exist  as  they  then  were.  The  first  or 
earest  stood,  as  the  sketch  shows,  between  the  Uwekahuna  sum- 
lit  and  the  second  of  the  deep  western  bays  on  Wilkes's  map  of 
he  lower  pit,  a  spot  where  great  subsidence  has  taken  place  in  the 
restern  wall,  east  or  southeast  of  the  Uwekahuna  station  (xxxiv, 
58) ;  and  the  sketch  appears  to  be  sufficient  testimony  for  the 
eality  of  this  subsidence  and  its  amount. 

Looking  again  at  Wilkes's  map  (page  20),  it  is  seen  that,  as  al- 
•eady  stated,  the  outer  eastern  wall  has  the  same  position  that  it  has 
>n  the  Government  map,  but  that  the  southeastern  wall  of  Wilkes 
*  not  continuous  with  his  western,  but  is  an  independent  one 
situated  more  to  the  eastward ;  and  here  came  in  the  error.  The 
error  is  so  extraordinarily  great  that  we  sought  while  at  the  cra- 
ter for  some  extraordinary  excuse  for  it.     We  concluded  (Mr. 

*  Another  smaller  change  is  proposed  in  the  eastern  outline  of  the  lower  pit, 
^  ^  suggested  by  Brigham's  map.  No  attempt  is  made  to  give  on  the  Govern- 
y*nt  map  Wilkes's  outline  of  the  southeast  angle  of  the  crater,  as  the  existing 
wttorea  offer  no  available  suggestions. 

\  While  the  sketch  bears  evidence  of  being  generally  faithful  to  the  facts,  the 

wegpound  appears  to  be  modified  for  the  artistic  purpose  of  giving  distance  to  the 
tat 
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Merritt  and  myself)  that  Captain  Wilkes  in  his  visit  to  "  all  the 
stations  around  the  crater  in  their  turn  "  (zxziii,  451),  on  reach- 
ing the  high  Uwekahuna  summit,  instead  of  relying  on  his  angles, 
probably  took  the  shorter  way  of  sketching  in  the  ridges  that 
Stood  to  the  southeast  and  south  ;  and  that  he  was  led  by  insuffi- 
cient topographical  judgment  to  throw  the  wall,  together  with 
the  parallel  ndge  outside  of  it,  too  far  to  the  eastward.  The  error, 
as  we  saw  when  there,  is  an  easy  one  for  him  to  have  made.  This 
cramped  the  map  to  the  southward  about  the  Great  South  Laket, 
but  the  angles  taken  from  other  stations  were  not  enough  to  sent 
for  the  needed  correction  and  the  sketching  was  allowed  to  con- 
trol the  lines.  However  this  may  be,  it  is  lamentable  that  a  cor- 
rect map,  with  a  careful  determination  of  heights  around  tbt 
crater,  was  not  made  in  1840. 

An  important  error  also  exists  in  Wilkes's  determination  of  the 
longitude  of  his  encampment  near  the  crater.  The  Surveyor 
General  of  the  Islands,  Prof.  Alexander,  informed  me  that  the 
position  Wilkes  gives  Kilauea  ie  &$  minutes  too  far  west;  and 
that  the  error  affects  all  the  southeastern  quarter  of  his  map  of 
Hawaii  including  the  position  of  the  coast  line.  His  longitude  of 
the  summit  of  Mt.  Loa  is  correct. 


Mr.  Brighairie  map. — Mr.  Brigliaru's  map  is  a  register  o* 
the  facts  of  1864-65,  a  period  just  half  way  between  1841  and 
1887.  It  indicates  unfinished  changes  in  progress  within  tb* 
crater  which  were  commenced  in  1840,  and  other  conditio*18 
that  became  pronounced  only  in  later  years. 
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The  remnants  it  represents  of  Lyman's  ridge  of  lava-blocks, 
;he  talus  of  the  lower  wall  uplifted  upon  the  rising  floor  of 
s  lower  pit — has  already  been  referred  to  (xxxiv,  89).  That 
may  be  fully  appreciated,  the  reader  is  directed  again  to 
■-  Lyman's  map,  here  reprinted  with  corrections  by  him  ;* 
i  then  to  Plate  1,  which  shows  these  remaining  parte  of  the 
ig  ridge  drawn,  from  Brigham's  map,  on  the  recent  map  of 
i  Government  survey  (lettered  ef,  gk).  The  ridgeB  are  not  put 
far  from  the  east  wall  of  the  crater  as  on  Brigliam's  map,  but 
i  made  to  accord  with  the  statement  of  each  Lyman  and 
an,  and  of  Brigham  also,  that  they  followed  the  course  of  the 
ffer-pit  wall  of  1840  a  little  inside  of  its  position,  over  the 
e  of  the  original  talus — Wilkes's  position  of  the  wall  being 
opted  except  for  a  short  distance  near  e.  Halema'uma'u,  as 


he  dotted  line  inside  of  the  basin  of  the  Government  map 
hows,  was  small  in  1864-65,  it  being  only  1,000  feet  in  diam- 
•ter  and  but  little  raised  above  the  level  of  the  liquid  lavas. 

The  preceding  additional  view  of  the  crater  is  introduced  at 
:hia  place  becaime  it  contains  the  remains  of  the  Lyman  ridge 
a  mapped  by  Mr.  Brigham,  and  is  further  testimony  as  to  its 

*  The  copy  of  Prot  Lyman's  map,  reproduced  on  page  8a  of  the  last  volume  of 
this  Journal,  is  Dot  from  a  tracing  of  his  original  map,  but  from  a  roughly  drawn 
Wpjleft  on  the  islands.  The  original  was  lost  by  him,  as  he  informs  me,  when 
in  Cilitornis  on  his  return  to  Sew  Haven.  He  has  here  placed  the  "canal" 
•Ht  Bide  of  the  ridjje,  in  accordance  with  the  statement  in  his  description  and 
*»  in  hia  note-book  of  1816,  which  makes  the  interval  between  them  "  10  to  10 
•ndSOyards."  Before  publishing  the  map  I  endeavored  to  ob  la  in  corrections  from 
™-   But  on  account  of  his  illness  at  the  time  I  could  do!  communicate  with 
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position  with  reference  to  the  walls.  The  view  is  from  a 
photograph  of  a  painting  made  by  Mr.  Perry,  a  Calif ornia  artist 
in  1864  (?)  the  year  of  Mr.  Brigham's  first  visit,  and  which  I 
received  from  Mr.  Brigham  in  March.  1865.*  The  sketch  of 
the  crater  bears  evidence  throughout  of  great  accuracy  of  de- 
tail. It  has  much  interest  also  because  it  gives,  with  clear  defi- 
nition, the  outlines  of  the  depression  (on  the  left)  between 
Kilauea  and  the  side  crater  Kilauea-iki ; — in  which  respect  it 
is  more  satisfactory  than  Drayton's  sketch.  The  point  of  view 
was  on  the  north  border  of  Kilauea,  a  little  to  the  east  of 
Drayton's  ;  and  consequently  it  necessarily  differs  widely  from 
Drayton's  sketch  as  regards  the  headlands  of  the  western  wall, 
yet  resembles  it  quite  closely  on  the  eastern  side.  Halema'o- 
ma'u  is  not  defined ;  and  this  is  explained  by  Mr.  Brigham's 
map  and  description. 

Mr.  Brigham  s  map  shows  also  the  positions  of  active  lava- 
lakes  in  1864  or  1865,  lettered  *,  k,  Z,  m;  and  the  interesting 
fact  is  to  be  noted  that  two  of  them,  to  the  northwest,  /,  k  lie 
at  the  edge  of  the  black  ledye,  while  Z,  m  are  a  little  back  of  it, 
but  in  a  line  with  /,  k. 

The  long  curving  line  of  deep  fissures  and  fault-plane,  already 
referred  to  as  marking  the  outline  of  the  Halema'uma'u  region, 
is  seen  on  Plate  1,  at  a  J,  not  to  be  concentric  with  the  Hale- 
ma'uma'u  basin  of  either  Brigham's  map  (p.  21)  or  of  the  re- 
cent map ;  but  to  that  of  Halema'uma'u  phis  the  New  Lake 
region  of  1884  to  1887.  Thus  in  1865,  when  Halema'uma'u 
appeared  as  a  small  basin  1,000  feet  broad  (not  half  its  existing 
breadth),  the  fissure  indicated  the  presence  of  deep-seated  con- 
ditions as  to  the  fires  and  forces,  that  finally  ultimated  in  its 
extension  over  the  New  Lake  area.  And  the  expression  of  this 
fact  in  1865  was  doubled  by  a  second  concentric  fissure  500 
feet  farther  north  (Plate  1,  c  d).  Further,  four  of  the  cones 
mapped  by  Brigham  in  the  vicinity  of  Halema'uma'u  in  1865, 
Pi  ?>  7*?  *>  on  Plate  1,  are  inside  of  the  existing  Halema'uma'u 
basin ;  and  one  of  the  others,  <?,  is  near  the  north  border,  and 
another,  t,  is  close  by  the  east  side  of  New  Lake. 

On  Mr.  Brigham's  map,  the  position  is  given  of  a  very  larg6 
loose  block  of  lava,  which  is  shown  at  u\  on  Plate  1.  It  lies* 
as  is  seen,  in  the  northwest  part  of  the  crater,  and  is  over  the 
lower  edge  of  what  in  1840  (see  Wilkes's  map,  p.  20)  was  »n 
inclined  but  even  lava  plain  to  the  bottom  that  had  been  made 
in  1840  by  an  oblique  down  plunge  (xxxiv,  82)  carrying  the 
inner  side  of  the  great  mass  down  and  leaving  the  other,  th*!jj 
against  the  black  ledge,  on  a  level  with  the  ledge,  with  a  bro^ 

*  See  Brigham's  Memoir,  page  419,  where  a  wood-cut  from  it  is  introduce^ 
but  without  doing  the  photograph  justice.     Mr.  Brigham  does  not  state  in  k1 
memoir  the  date  of  the  painting.     "  Perry  "  is  mentioned  as  the  painter  on  pag6 
468. 
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sure  between.  The  block  probably  slid  down  the  slope  to  its 
ttom  ;  and,  as  the  talus  at  the  bottom  of  the  lower  wall  was 
ted  on  the  rising  floor  to  make  Lyman's  ridge,  so  it  appears 
at  this  loose  block  was  lifted  in  the  northwest  corner ;  and 
e  lift  along  that  part  of  the  crater  consisted  in  the  restoring 

the  half  engulfed  mass  with. the  lava-block  on  its  surface,  to 
3  former  horizontal  position — the  position  it  had  when  Mr. 
righam's  map  and  observations  were  made. 

It  is  interesting  to  note  thus  how  the  1864-1865  condition  of 
jlauea  grew  out  of  that  of  1840,  and  foreshadowed  that  of 
887.  It  is  worthy  of  consideration  also  that  just  as  the  fault- 
Jane  ab  is  concentric  with  the  Halema'uma'u  basin  plus  New 
jake,  so  the  far  greater  Kilauea  fault-planes,  2000  to  5000  feet 
lorth  and  northeast  of  the  crater  (xxxiv,  358),  are  concentric, 
lot  with  Kilauea,  but  with  Kilauea  plus  Kilauea-iki. 

2.  DYNAMICAL  CONCLUSIONS. 

General  cycle  of  moveme?it  in  Kilauea. — The  history  of 
Kilauea,  through  all  its  course  since  1823,  illustrates  the  fact 
that  the  cycle  of  movement  of  the  volcano  is  simply :  (1)  a 
rising  in  level  of  the  liquid  lavas  and  of  the  bottom  of  the  cra- 
ter; (2)  a  discharge  of  the  accumulated  lavas  down  to  some 
level  in  the  conduit,  determined  by  the  outbreak  ;  (3)  a  down- 
plunge  of  more  or  less  of  the  floor  of  the  region  undermined 
uy  the  discharge.  Then  follows  another  cycle  :  a  rising  again, 
commencing  at  the  level  of  the  lavas  left  in  the  conduit  by  the 
discharge  ;  which  rising  continues  until  the  augmenting  forces, 
from  one  source  or  another,  are  sufficient  for  another  outbreak. 

In  1832  the  conditions  were  ready  for  a  discharge  when  the 
lavas  had  risen  until  they  were  within  700  or  800  feet  of  the 
top;  in  1840, when  within  650  feet;  in  1868,  when  within  500 
or  600 ;  in  1886,  when  within  350  feet.  The  greater  height  of 
recent  time  may  seem  to  show  that  the  mountain  has  become 
stronger,  or  better  able  to  resist  the  augmenting  forces.  But  it 
also  may  show  a  less  amount  of  force  at  work.  In  1823,  1832 
and  1840,  the  down-plunge  affected  a  large  part  of  the  whole 
floor  of  the  crater,  which  proves  not  only  the  vastness  of  the 
discharges,  but  also  indicates  active  lava  through  as  large  a  part 
of  the  whole  area  preceding  the  discharge,  while  in  1886,  the 
down-plunge  and  the  active  fires  in  view  were  confined  to 
Halema'uma'u  and  its  vicinity.  It  was  not  in  earlier  time, 
therefore,  the  greater  weakness  of  the  mountain,  but  probably 
the  greater  power  of  the  volcanic  forces. 

The  broad  low-angled  cone  which  the  volcano  tends  to  make, 
has  a  great  breadth  of  stratified  lavas  to  withstand  rupturing 
forces.    How  great  may  easily  be  calculated  by  cojuay^  u 
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cone  of  8°  or  10°  with  one  of  30°,  the  latter  the  average  angle 
of  the  greater  volcanic  mountains  of  western  America;  andthi 
suggests  important  differences  in  the  results  of  volcanic  action 
independent  of  those  consequent  on  the  possible  prevalence  of 
cinder-ejections  in  the  latter.  Bnt  somehow  or  other  Maum 
Loa  breaks  easily — very  easily,  its  quiet  methods  say — and  it 
seems  to  be  because  such  rocks,  however  thick,  can  offer  but 
feeble  resistance  to  rupturing  volcanic  agencies. 

In  the  discussion  beyond  of  the  operations  going  on  and  of 
their  causes,  I  speak,  I,  of  Kilauea  as  a  Basalt-volcano,  the  bass 
of  its  peculiarities ;  II,  of  the  size  of  the  Kilauea  conduit :  IH 
of  the  ordinary  work  of  the  volcano ;  IV,  of  its  eruption*; 
and  V,  of  the  contrast  in  volcanic  action  between  Kilauea  and 
volcanos  of  the  Vesuvian  type. 

I.      KILAUEA  A  BASALT-VOLCANO. 

1.  The  mobility  of  the  lavas. — The  phenomena  of  Kilauea 
are  largely  due  to  the  fact  that  it  is  a  basalt-volcano  in  its  nor- 
mal state.  By  this  I  mean,  first,  that  the  rock-material  is  dolerrte 
or  basalt,  and  secondly,  that  the  heat  is  sufficient  for  the  perfect 
mobility  of  the  lavas,  and  therefore  for  the  fullest  and  freest 
action  of  such  a  volcano.  It  is  essentially  perfect  mobility 
although  there  is  not  the  fusion  of  all  of  its  minor  injrrediento, 
that  is  of  its  chrysolite  and  magnetite.  This  is  manifested  by 
the  lavas,  whether  they  are  in  ebullition  over  the  Great  Lake, 
throwing  up  jets  20  to  30  feet  high,  throughout  an  area  of  a 
million  sauare  feet  or  more,  or  when  only  splashing  about  the 
liquid  rock  and  dashing  up  spray  of  little  lava  drops  from  areas 
of  a  few  square  yards.  There  is  in  both  conditions  the  same 
free  movement,  almost  like  that  of  water,  and  suggesting  to  the 
observer  no  thought  of  viscidity.  Of  the  two  conditions  just 
mentioned,  the  former  was  that  of  November,  1840,  the  latter 
that  of  August,  1887 ;  and  that  of  August  seemed  to  be  the  more 
wonderful,  because  we  naturally  look  for  some  of  the  stiffening 
of  incipient  solidification  where  only  a  few  square  yards  of  lava 
jire  in  sight. 

2.  This  mobility  is  dependent  largely  on  the  fusibility  of 
the   chief   constituent    miixerals   of   the   lava. — Along    with 
augite,  a  relatively  fusible  species,  the  rock  contains,  as  its 
other  chief  constituent,  labradorite,  almost  as  fusible  as  augite, 
and  the  most  fusible  of  the  feldspars.     Andesine  and  oligoclase 
are    less    fusible    feldspars,    and    orthoclase    is    of     difficult 
fusibility.      Thus   in    this    prominent   physical   character  the 
feldspars    widely   differ,    and    accordingly   there    should   be* 
and  are,  volcanoes   of   different   characteristics,  for   example, 
Andesyte  volcanoes,  in  which  oligoclase  or  andesine  is  the  pre- 


J.  D.  Dana— History  of  the  Changes  in  Kilauea.        29 

dominant  feldspar,  and  Trachyte  and  Rhyolyte  volcanoes  in 

which  orthoclase  is  a  chief  constituent ;   and,  besides  these, 

there  are  also  intermediate  grades  or  kinds. 

The  differences  in  form  and  action  among  these  kinds  of 

volcanoes  depend  chiefly  on  the  physical  quality  of  fusibility, 

but  partly  on  that  of  specific  gravity. 
Neither  of  these  qualities,  it  is  to  be  noted,  has  any  relation 

to  the  acidic  or  basic  character  of  the  feldspar  or  rock,  that  is 

to  the  amount  of  silica  present.     The  distinction  of  basic  and 
acidic,  of  great  interest  mineralogically  and  chemically,  has  in 
fact  little  importance  in  the  science  of  volcanoes,  while  that 
of  fusibility  is  fundamental.     The  most  basic  of  all  the  felds- 
pars, anorthite,  is   as  little   fusible   as   the   most  "  acidic"  of 
feldspars,  orthoclase,  and   more  so  than  the  equally  "Jacidic" 
albite.*  It  is  plain  therefore  that  the  quality  of  being  basic, 
does  not  explain  the  fusibility  of   the  lavas.     Neither  does  it 
explain  any  other  of  the  physical  characteristics  on  which  the 
peculiarities  of  the  volcano  depend. 

It  is  also  true  that  the  chrysolite  (or  olivine),  the  ultra-basic 
constituent  of  the  lavas,  has  little  influence  on  their  physical 
characters  except  through  its  high  specific  gravity — which  is 
about  3*3  to  34.  The  mineral  chrysolite  is  infusible,  and 
cannot  increase  the  mobility  of  the  lavas ;  and  there  is 
commonly  not  enough  of  it  in  the  Kilauea  rocks  to  diminish 
the  mobility ;  for  a  large  part  of  the  lava  contains  less  than  5 
per  cent,  and  much  of  it  less  than  *1  per  cent.  Chrysolite,  is 
ultra-basic  :  but  this  quality  has  little  volcanic  importance. 
It  is  not  the  little  amount  of  silica  in  it  that  is  influential 
volcanically  but  the  much  iron,  the  ingredient  that  gives  it  its 
high  density  or  specific  gravity.  The  presence  of  much 
chrysolite  may  affect  the  distribution  of  the  lavas  in  the 
conduit,  or  of  the  out-flows  from  the  conduit,  on  account  of 
their  high  density  ;  but  it  does  not  accomplish  this  through  the 
ultra-basicity  of  chrysolite,  but  through  its  ultra-ferriferous 
character,  and  the  conditions  under  which  it  is  formed. 

3,  The  degree  of  mobility  is  dependent  also  on  temperature. 
—It  is  probable,  that  at  the  temperature  of  fusion,  or  better 
a  little  above  it,  all  the  feldspars,  the  least  and  the  most  fusible, 
are  nearly  alike  in  mobility.  But  the  lower  the  degree  of 
fusibility  the  less  likely  is  the  heat  to  be  deficient,  or  below 
that  required  for  complete  fusion  and  mobility ;  and  here 
comes  in  the  great  difference  among  them  as  regards  lavas  and 
volcanoes. 

The  basalt-volcano  has  special  advantage  over  all  others  in 
this  respect,  as  the  copious  Mount  Loa  lava-streams  and  the 

*  In  my  Manual  of  Mineralogy  and  Petrography,  page  436,  I  point  out  further 
that  the  distinction  of  alkali-bearing  and  not  alkali-bearing  among  the  silicates  is 
of  much  more  geological  importance  than  the  much  used  one  of  acidic  and  basic. 
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immense  basaltic  outflows  of  other  regions  exemplify.  In 
Hawaii  the  heat  required  for  the  existing  mobility  is  no  greater 
than  the  deep-seated  conditions  below  the  mountain  can  keep 
supplied,  in  spite  of  cooling  agencies  from  the  cold  rocks,  the 
subterranean  waters  and  the  air ;  it  is  no  greater  than  it  can 
continue  to  supply  for  half  a  century  and  more,  as  the  records 
have  shown  ;  and  supply  freely  to  the  top  of  a  conduit  3000 
to  3500  feet  above  the  sea-level,  and  even  to  the  top  of 
another  conduit  but  twenty  miles  off,  rising  to  a  height  of 
13,000  feet  above  the  sea-level.  The  temperature  needed  for 
this  mobility  judging  from  published  facts,  is  between  2000° 
F.  and  2500°  F.  The  fusing  temperature  of  augite  and  lab- 
radorite  has  not  yet  been  determined.  We  are  certain  that 
a  white  heat  exists  in  the  lava  within  a  few  inches  of  the 
surface ;  for  the  play  of  jets  in  a  lava-lake  makes  a  dazzling  net- 
work of  white  lightning-like  lines  over  the  surface ;  and  white 
heat  is  equivalent  to  about  2400°  F.  Considering  the  height 
of  Mt.  Loa  and  the  greatness  of  its  eruptions,  and  the  vastness 
of  basaltic  outflows  over  the  globe,  we  may  reasonably  assume 
that  the  temperature  needed  lor  the  normal  basalt-volcano  has 
long  been,  and  is  now,  easy  of  supply  by  the  earth  for  almost 
any  volcanic  region ;  and  that  the  difficulty  the  earth  has  in 
supplying  the  higher  heat  for  equal  mobility  in  a  trachyte  or 
rhyolyte  volcano  is  the  occasion  oi  the  common  semi-lapidified 
pasty  condition  of  their  outflowing  lavas. 

Even  if  the  higher  temperature  required  for  orthoclase- 
lavas,  were  alwavs  present  quite  to  the  surface  in  the  volcano, 
the  ordinary  cooling  influences  of  cold  rocks  and  subterranean 
waters  and  air  would  be  sure  to  bring  out,  in  some  degree, 
on  a  globe  with  existing  climatal  conditions,  the  characteristics 
of  the  several  kinds  of  volcanoes  designated. 

I  do  not  say  that  this  higher  heat  required  for  the  complete 
fusion  of  trachyte  or  rhyolyte  is  wanting  at  convenient  depths 
below ;  for  it  has  been  manifested  in  the  outpouring  of  vast 
floods  of  these  rocks  through  opened  fissures,  many  examples 
of    which   over   the   Great   Basin   are   mentioned    in   King's 
"  Systematic  Geology''  of  the  40th  Parallel.     But  in  the  volcano, 
whose  work,  after  an  initial  outflow,  is   carried   forward  by    \ 
periodical  ejections  and  requires  for  long  periods  a  continued    i 
supply  of  great  heat,  the  more  or  less  granulated  or  pasty 
condition  of  the  outflowing  orthoclase-bearing  lava  streams  is  " 
the   usual   one.     Consequently,   when   a   volcano   changes  its 
lavas  from  the  less  fusible  to  the  more  fusible,  as  sometimes  has 
happened,  some  change  in  the  features  of  the  volcano  should 
be  looked  for,  except  perhaps  when  the  change  occurs  directly 
after  the  initial  discharge. 
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Here  the  question  suggests  itself  whether  the  temperature 
existing  at  depths  below  may  not  be  one  of  the  conditions  that 
letermme  whether  the  discharged  lavas  shall  be  of  the  less 
usible  or  the  more  fusible  kind. 

But  a  basalt- volcano  also  may  fail  to  have  heat  enough  for 
>erfect  fusion,  and  hence  have  partially  lapidified  or  pasty 
avas,  and  thus  be  made  to  exhibit  some  of  tlie  characteristics 
>f  the  other  kinds  of  volcanoes.  This  condition  may  result 
Tom  three  causes :  (1)  A  decline  in  the  supply  of  heat  of  the 
jonduit,  as  when  the  partial  or  complete  extinction  of  the  vol- 
ano  is  approaching ;  (2)  When  the  lava  is  discharged  by  lat- 
eral openings  or  fissures,  in  which  case  the  lateral  duct  oi  lava 
nay  not  be  large  enough  to  resist  completely  the  cooling  agen- 
cies about  it;  (8)  The  sudden  entrance  of  a  large  body  of 
water  into  the  conduit. 

The  effects  from  the  first  of  these  conditions — declining  heat 
connected  with  approaching  extinction — are  strikingly  exem- 

?lified  in  two  great  volcanic  mountains  of  the  Hawaiian 
slands,  Mt.  Kea  on  Hawaii,  and  Haleakala  on  Maui.  Those 
of  the  second,  in  which  the  ejections  are  from  lateral  openings, 
are  abundantly  illustrated  in  the  cinder  and  tufa  cones  of  the 
islands,  and  also  in  widespread  cinder  or  ash  deposits  through 
the  drifting  of  the  ejected  material  by  the  winds.  The  thirds 
a  sudden  incursion  of  waters  through  an  opened  fissure,  if  a 
possibility,  should  both  lower  the  temperature  and  produce  vio- 
lent projectile  results,  and  even  Kilauea  bears  evidence  of  at 
least  one  eruption  of  great  magnitude  which  was  thus  catastro- 
phically  produced ;  for  the  region  bordering  the  crater  on  all  its 
sides,  and  to  a  distance  of  ten  or  fifteen  miles  to  the  southwest, 
is  covered  with  the  ejected  stones  or  bowlders,  scoria  and  ashes 
of  such  an  eruption. 

4.  Eruptive  characteristics  of  a  BasalPvolcano. — The  ob- 
vious results  of  superior  mobility  and  density  in  lavas,  are,  as 
in  other  liquids: 

(1)  First :  greater  velocity  on  like  slopes,  and  thus  an  easier 
ow,  with  less  liability  to  be  impeded  by  obstructions ;  a  lower 

minimum  angle  of  flow,  and  consequently  a  less  angle  of  slope 
for  the  lava  cones. 

(2)  Secondly  :  The  vapors  ascending  through  the  liquid  lava 
encotmter  comparatively  feeble  resistance,  and  hence  the  ex- 
pansive force  required  for  escape  of  bubbles  through  the  lava  to 
the  surface  is  feeble;  and  so  also  ere  the  projectile  effects  due  to 
the  explosion  of  the  bubbles.  Hence  the  projected  masses  com- 
monly go  to  a  small  height — it  may  be  but  a  few  yards — and 
fall  back  before  cooling,  instead  of  reaching  to  a  height  that 
involves  their  cooling  and  solidification  in  the  fall  and  the 
making  thus  of  cooled  fragments  of  lava  or  scoria,  called  cinders 
*&&  volcanic  ashea 
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The  projectile  process  in  the  basalt- volcano,  as  long  as  it  is  m 
its  normal  stage,  makes  not  cinder-cones,  but  driiMet^xmes,  15 
to  40  feet  high,  ont  of  the  projected  masses,  the  falling  driblete 
becoming  plastered  together  about  the  smaller  places  of  ejec- 
tion. Such  cones  consist  of  cohering  drops,  clots,  pancake-like 
patches,  or  abortive  streamlets,  and  form  into  spires  and  col- 
umns on  rude  bases  and  take  other  fantastic  shapes.  They  are 
necessarily  small,  and  mostly  of  blow-hole  origin,  because  when 
the  vent  is  broad,  like  a  lava-lake,  the  jettings  fall  back  into  it 
again ;  vet  enough  may  fall  on  the  margin  of  a  lava-lake  to 
gradually  raise  and  steepen  its  border.  Such  driblet-cones  an 
of  all  angles  from  30°  to  90°.  Among  the  projectile  results  of 
volcanoes,  driblet-cones  are  at  one  extremity  of  a  series,  and 
cinder  or  tufa  cones,  many  hundreds  of  feet  high,  at  the 
other.  A  cinder  cone  of  1000  feet  in  height  has  15,000  to 
20,000  times  the  bulk  of  anv  driblet-cone.  The  process  is 
one  ;  but  the  result  varies  with  the  mobility  and  fusibility  of 
the  lavas. 

Further :  in  the  great  lava  cone  of  a  basalt- volcano  in  its  nor- 
mal stage,  cinder  or  tufa  deposits  rarely  alternate  with  the  large 
lava-streams,  while  they  commonly  alternate  in  other  kinds  of 
volcanoes. 

Further :  cinder  cones  and  beds  of  volcanic  ashes  may  fonn 
about  a  basalt-vocano,  as  already  explained,  whenever  tlie  con- 
dition of  insufficient  heat  is  in  anv  wav  occasioned. 

The  above  views  as  to  the  characteristics  of  a  normal  basalt- 
volcano  are  sustained  by  the  facts  from  the  volcanic  mountains 
of  all  the  Hawaiian  Islands. 

In  the  first  place,  the  slopes  are  not  only  the  lowest  possible, 
usually  from  1°  to  10°,  but  continuous  "flows  of  10°  to  90° 
occur.  I  have  seen  many  of  them  descending  as  unbroken 
streams  vertical  precipices  on  southern  and  western  Hawaii. 

Again  the  alternation  of  the  lava-streams  of  the  great  volca- 
noes with  deposits  of  volcanic  sand,  scoria  or  stones  that  were 
ejected  from  the  great  craters,  is  of  rare  occurrence,  and  snch 
deposits  make  only  thin  beds  of  the  kind  whenever  they  occur. 
In  such  examinations  as  I  have  been  able  to  make  of  the  walls 
of  Kilauea  and  Haleakala,  and  of  the  precipices  and  bluffs  of 
Oaliu,  1  have  not  succeeded  in  finding  cinder  or  tufa  deposits 
among  the  layers.     The  walls  of  Kilauea  are  stratified  from  top 
to    bottom,   I>ut   with    lava-streams,  and    comparatively   thin 
streams;   I  could  find  no  evidence,  in  my  examination  of  its 
walls,  of  any  intervening  stratum  or  bed  of   scoria,  tufa  or 
stones  like  that  which  now  covers  its  border.     This  testimony 
is  not  conclusive  as  to  the  absence  of  such  projectile  eruptions 
in  former  times,  for  thin  beds  of  scoria  or  sand  like  that  just  re- 
ferred to — its  thickness  is  only  25  to  30  feet — might  be  fused 
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[  annexed  to  the  succeeding  lava-flow.  But  the  evidence 
inst  great  tufa  deposits,  excepting  those  from  lateral  ejec- 
ts, is,  I  believe,  sufficient ;  and  by  great  I  mean  50  or  100 
k;  not  the  1000  feet  and  more  common  in  the  regions  of  the 
?ky  Mountains  and  the  Pacific  border. 
)n  the  island  of  Maui,  I  found  no  such  beds  of  projectile 
(in  in  the  walls  of  Haleakala,  or  in  those  of  Wailuku  valley 
probable  crater  cavity  of  western  Maui  On  Oahu,  the 
?h  of  the  layers  of  lava  along  the  Manoa  and  Nuuanu  val- 
3  is  only  1°  to  3°;  and  in  the  precipices  and  bluffs  which 
md  them  I  saw  no  layer  of  tufa.  The  thick  tufa  deposits 
confined  to  cinder  and  tufa  cones,  and  these  are  common.* 
Fhis  point  needs  investigation;  for  the  existence  of  even 
a  tufa  beds  in  alternation  with  the  lava  beds  of  the  great 
canoes  of  the  islands,  may  still  be  true,  and  such  facts  would 
re  much  interest. 

>.  The  crater  of  a  basalt-volcano  is  the  same  in  origin,  history 
i functions  as  those  of  volcanoes  of  other  hinds,  but  differs 
wily  4n  farm. — The  crater  of  a  great  volcano  probably  has 
rays  its  beginning — as  I  set  forth  in  my  Exploring  Expedi- 
n  report — in  a  great  discharging  fissure.  But  once  open,  it 
lally  continues  open  until  a  temporary  or  final  decline  of 
Icanic  action,  whatever  the  kind  of  volcano.  It  continues 
m  because  (1)  of  the  fixed  position  of  the  supply  conduit ; 
arose  secondly  of  the  conduit-work  going  on  through  it  in 
\  discharge  of  vapors  and  lavas ;  and  because,  thirdly,  of  the 
tm-plunges  in  the  crater  consequent  on  the  undermining 
deli  the  discharge  of  the  conduit  occasions.  The  open  end 
a  deep-reaching  conduct  determines  thus,  by  its  discharges 
I  the  subsequent  underminings,  the  existence  of  the  crater ; 
I  the  crater,  by  the  work  done  within  and  about  it,  makes 
J  volcanic  cone.  This  appears  to  be  the  order  of  rank  or  im- 
rtance  in  the  phenomena — the  crater  begins  in  the  opened 
rare  and  is  the  indicator  and  future  builder  of  the  cone.  In 
*  history  of  the  volcano,  the  era  of  summit  outflows  may 
s,  and  only  lateral  discharges  take  place ;  and  still  the  dis* 
irge  of  vapors  from  the  lava  conduit  and  the  accompanying 
•vements  in  the  lavas,  together  with  the  down-plunges  in  the 
ter  following  the  discharges,  will  keep  the  crater,  or  por- 
ns  of  it,  in  continued  existence,  and  the  work  of  eruption  or 
flow,  if  subaerial,  is  still  adding  to  and  shaping  the  cone. 
Chis  is  the  present  stage  of  Kilauea  and  Mt.  Loa ;  and  these 
the  results  as  they  exemplify  them.     The  action,  functions 

rhe  cinder  or  tufa  deposits  of  lateral  cones  have  often  great  extent    This  is 
seen  on  Oahu    where  Diamond   Hill,  Punchbowl,  and   the   region  about 
Mmkai  or  the  Salt  Lake,  are  examples. 

c  Jour.  Sci.— Third  Series,  Vox*.  XXXV,  No.  205. —Jan.,  1888. 
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and  processes  are  the  same  whether  the  lavas  fill  up  to  the 
summit  before  outflowing,  or  become  discharged  at  a  lower 
level  by  an  opened  fissure. 

Examples  in  the  Hawaiian  Islands  teach  also  that  volcanoes 
may  end  with  an  open  crater  over  2,000  feet  deep,  like  Halea- 
kala,  a  cone  10,000  feet  high,  or  with  a  filled  crater,  as  in 
the  case  of  Mt.  Kea,  13,800  feet  high. 

The  preceding  remarks  about  the  permanence  of  cratere 
apply  to  other  kinds  of  volcanoes  as  well  as  the  basaltic ;  but  in 
the  form  of  the  crater  the  basalt  volcano  has  peculiarities,  owing 
to  the  mobility  of  the  lavas  and  the  paucity  of  cinder  dis- 
charges.    The   ordinary  crater  of  such  volcanoes  is  pit-like, 
with  the  walls  often  nearly  vertical,  and  the  floor  may  be  i 
great,  nearly  level  plain  of  solid  lavas.     The  liquid  material 
of  the  extremity  of  a  conduit  works  outward  from  the  hotter 
center,   through   the   fusing  heat  and  the  boiling  and  other 
cauldron-like  movements;    and    hence,   where    the  mobility 
favors  freedom  of  action  in  these  respects,  it  tends  to  give  the 
,  basin  or  crater  a  nearly  circular  form  with  steep  sides — an  ex- 
planation I  give  in  my  Expedition  report     Besides,  when  the 
discharge  takes  place  there  is  usually  a  fall  of  the  walls  which 
is  still  another  reason  for  vertical  sides,  and  the  pit-like  form. 

The  small  lava-lakes  of  Kilauea,  and  the  Great  South  Lab 
also  after  a  discharge,  (or  an  eruption  as  it  is  usually  called) 
are  literally  pit-craters.  Such  was  the  condition  of  tne  Great 
Lake  after  the  eruption  of  1886.     They  all  illustrate  how  the 

freat  pit-crater,  Kilauea,  was  made.     The  lower  pits  of  1828, 
833,  1840  are  other  examples. 
Such  pit-craters  are  normally  circular ;  but  where  there  ia t 
large  fissure  beneath  the  crater,  they  may  be  much  elongated. 

From  the  considerations  which  nave  been  presented  we  flee 
why  the  volcanic  mountains  of  the  Hawaiian  Islands,  with 
slopes  rarely  exceeding  10°  in  angle,  differ  so  widely  from  thft 

freat  andesyte  cones  of  western  North  America,  with  thdi 
igh  slopes  of  28  to  35  degrees.     We  see  that  the  fact  of  be- 
ing basalt-made  means  much  in  a  volcano ;  that  it  affects  pro- 
foundly all  the  movements  and  the  results  of  those  movements 
as  well  as  the  shapes  of  the  mountains  and  of  their  cratera 

[To  be  continued.] 
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rt.  IIL — The  Analysis  and  Composition  of  Tourmaline  ; 

by  K.  B.  Kiggs.* 

Apart  from  the  work  by  Rammelsberg  (Pogg.,  lxxx,  449, 
xxi,  1,  cxxxix,  379,  547),  very  little  has  been  done  toward 
Iving  the  question  of  the  composition  and  constitution  of  the 
irieties  of  tourmalina  Their  apparent  complexity  and  the 
ifficulties  attending  the  determination  of  certain  constituents 
ave  possibly  turned  many  aside,  possibly  also  the  impression 
lat  with  Rammelsberg's  investigations  the  matter  was  settled. 
Virile  Rammelsberg's  work  was  comprehensive  and  was  good 
or  the  times,  his  analyses  are  so  seriously  faulty  in  certain 
mportant  respects,  as  to  justify  a  new  investigation.  Though 
he  direct  estimation  of  both  water  and  boric  acid  would  seem 
»  be  of  the  highest  importance,  before  any  satisfactory  conclu- 
sions could  be  reached  with  reference  to  the  constitution  of 
tourmaline,  we  find  that,  having  failed  in  one  single  attempt  to 
determine  the  water  directly,  he  falls  back  on  the  loss  on  igni- 
tion, deducts  therefrom  an  amount  equal  to  the  amount  of  sili- 
con tetrafluoride,  representing  the  fluorine  found  in  the  mineral, 
and  calls  the  balance  water.  He  takes  it  for  granted  that  the 
fluorine  is  driven  off  quantitatively.  But  while  this  supposition 
i  questionable,  it  is  not  the  ground  of  objection.  In  the  re- 
vision (Pogg.,  cxxxix,  379)  oi  his  earlier  work,  Rammelsberg 
comes  to  the  conclusion  that  the  iron  contained  in  tourmaline 
i  all  there  in  the  ferrous  condition,  yet  wholly  ignores  the  fact 
of  its  possible  oxidation  on  ignition,  especially  an  ignition  such 
as  would  be  necessary  to  expel  the  fluorine.  In  a  few  cases 
boric  acid  is  determined  directly,  but  by  a  method  (Stromeyer's) 
ffhich  has  ever  been  counted  one  of  the  most  unsatisfactory. 
h  the  majority  of  the  ^analyses  it  is  estimated  by  difference. 
Jot  if  the  results  called  water  are  incorrect  and  low,  as  they 
nrely  are,  the  boric  acids  ought  to  be  correspondingly  high  or 
le  analysis  most  be  elsewhere  at  fault 

The  direct  estimation  of  water  being  possible,  and  a  satisfac- 
>iy  method  for  determining  boric  acid  having  lately  been  do- 
sed by  Dr  F.  A  Gooch,  (Am.  Chem.  Jour.,  Feb.,  1887), 
jw  tourmaline  analyses  seemed  desirable.  Through  the  kind- 
ss  of  many,  abundant  and  varied  material  has  oeen  at  my 
sposal. 

*  Ao  abstract  of  a  paper  which  is  to  appear  in  a  forthcoming  Bulletin  of  the  U. 
GeoL  Surrey. 
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Methods  of  A  nalt/sis. 

A  few  words  on  the  methods  of  analysis  may  not  be  out  of 
place  here,  that  the  character  of  the  work  may  be  the  better 
judged. 

Water. — The  water  was  directly  determined  by  igniting  a 
mixture  of  the  mineral  and  carbonate  of  soda  in  a  Gooch  tubu- 
lated crucible,  the  sodium  carbonate  being  used  to  hold  back 
any  fluorine  that  might  otherwise  be  driven  off.  The  carbonate 
of  soda  used  was  first  fused,  and  then,  in  order  to  ensure  perfect 
dryness,  the  mixture  of  mineral  and  reagent  was  again  dried  in 
an  air  bath  at  105°  C.  for  two  or  three  hours.  This  estimation, 
as  well  as  all  the  other  more  import-ant  ones,  was  made  in  dupli- 
cate. I 

Boric  acid. — Where  the  tourmaline  contained  fluorine,  the 
same  portion  was  used  for  determining  both  the  boric  acid  and 
the  fluorine,  the  filtrate,  from  the  mixed  carbonate  and  fluoride 
precipitates,  being  used  for  the  estimation  of  the  boric  add. 
The  oorate  of  lime,  which  may  be  formed,  is  sufficiently  soluble 
in  hot  water  so  that  no  difficulty  is  experienced  in  bringing  it 
quantitatively  into  the  filtrate.  After  evaporating  this  filtrate 
to  a  conveniently  small  volume,  it  is  brought  into  a  retort  and 
acidified  with  nitric  acid.  The  boric  acid  is  then  volatilized  at 
methyl  borate,  according  to  the  Gooch  method,  and  weighed  as 
borate  of  lime.  It  is  scarcely  necessary  to  say  that  throughout 
this  treatment,  nitric  acid  sliould  be  used  as  the  neutralizing 
reagent,  and  that,  if  care  be  taken  in  its  use,  in  no  case  need  the 
amount  of  salt,  which  is  to  be  brought  into  the  retort,  beofflM 
inconveniently  great.  Where  no  fluorine  is  present,  the  wdi 
fusion  may  be  digested  with  water  at  once,  the  solution,  con- 
taining the  borate  of  soda,  filtered  off,  neutralized  and  treated 
as  above  indicated.  One  might  save  himself  even  this  filtration, 
but  for  the  fact  that,  in  using  the  whole  fusion,  a  quantity  of 
bases  would  thus  be  brought  into  the  retort,  which,  even  at  the 
low  heat  required  by  the  distillation,  give  up  their  nitric  acid, 
thereby  rendering  the  determination,  in  its  after  stages,  boA 
more  difficult  and  possibly  lest;  exact. 

Fluorine. — The  fluorine  was  estimated  by  the  Berzelto 
method.  Though  it  is  far  from  a  good  method,  care  and  ex- 
perience enable  one  to  obtain  fairly  reliable  results.  The  ten- 
dency is  toward  too  high  results,  because  of  the  difficulty  & 
freeing  the  calcium  fluoride  from  last  traces  of  alumina  and 
silica ;  and  a  better  method  will  probably  show  even  lea 
fluorine  to  be  present  in  the  tourmaline  than  the  insignificant 
quantity  now  found. 

Ferrous  oxide. — Tourmaline,  especially  the  varieties  contain- 
ing lithia  and  iron,  are  decomposed  by  acids   with  extreme 
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3ulty.  This  fact  together  with  the  fact  that  the  iron  in 
mallne,  possibly  for  some  inherent  organic  reason,  as  the 
i  and  unstable  degree  of  oxidation  of  the  boric  acid,  oxidizes 
t  unusual  ease,  has  rendered  the  determination  of  the  condi- 
of  this  constituent  most  troublesome  On  account  of  its 
ictory  nature,  usually  not  more  than  0*2  grams  of  the  finely 
ind  mineral  was  taken  for  this  determination.  Several 
bods  of  decomposition  were  tried  without  any  satisfactory 
Its  other  than  to  lead  to  the  conviction  that  the  presence  of 
:>us  iron  in  large  amounts  was  doubtful,  until  the  digestion 
he  mineral  with  hydrofluoric  acid,  in  a  sealed  platinum  cru- 
3  over  the  direct  flame,  was  resorted  to  with  fairly  satisfactory 
conclusive  results. 

it.  The  mineral  was  digested  with  hydrofluoric  and  sul- 
ric  acids  in  a  sealed  platinum  crucible  in  boiling  water  from 
to  seven  davs,  a  treatment  which  decomposes  most  minerals 
be  course  of  a  few  hours.  In  a  few  cases  complete  decom- 
tion  seemed  to  have  been  effected,  in  the  greater  number 
rever  it  was  at  the  best  very  incomplete.  In  no  case  was 
'e  than  one  per  cent  of  ferrous  oxide  found,  though  between 
ty  and  forty  experiments  were  made,  and  some  of  the  tour- 
ine  analyzed  contain  as  high  as  eleven  per  cent  of  the  metal. 
?se  attempted  determinations  were  made  in  a  deep  heavy 
;inum  crucible  of  about  60  c.c.  capacity.  This  crucible  is  made 
b  a  flaring  mouth  into  which  fits  a  platinum  head  secured  in 
3e  by  a  gallows  screw  clamp.  Though  the  platinum  joints 
ground,  a  rubber  washer  is  inserted  between  the  cap  and  the 
of  the  crucible  to  ensure  tightness.  Before  sealing  the  cru- 
ie  a  little  carbonate  of  ammonia  is  thrown  in  to  expel  the 
During  the  period  of  digestion  the  crucible  is  kept  com- 
tely  immersed  in  water,  so  that  it  is  hard  to  comprehend  how 
outside  air  can  play  any  part  in  the  oxidation  of  the  iron, 
n  accordingly  tempted  to  think  that  we  have  here  to  deal 
h  a  very  slow  reduction  of  a  highly  oxidized  condition  of 
boric  acid  at  the  expense  of  which  there  is  a  corresponding 
lation  of  the  iron.  Either  the  change  goes  on  very  slowly 
he  explanation  proves  too  much. 

d.  From  02  to  0*5  grams  of  the  mineral  were  treated  with 
>haric  acid — i  parts  acid  to  1  of  water — in  sealed  glass 
eg,  from  one  to  four  days,  at  temperatures  varying  from 
3  C.  to  250°  C.  Although  the  tubes  were  taken  out  of  the 
l  frequently  and  shaken,  decomposition,  in  none  of  the 
en  attempts,  was  more  than  partial.  As  even  the  best 
contains  organic  matter,  sometimes  in  considerable  quan- 
s,  a  higher  heat  than  200°  C.  is  likely  to  be  attended  by  a 
ction  of  the  acid,  thus  vitiating  the  results.  This  was  the 
lod  used  by  Mitscherlich  (Journ.  prakt.  Chemie,  lxxxvi,  1) 
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in  establishing  the  fact  that  the  iron  in  tourmaline  is  chieflj 
ferrous  oxide.  Rammelsbcrg,  following  in  his  steps,  afterward* 
confirmed  the  results.  But  from  what  I  can  learn  of  their  ie- 
terminations  they  involved  a  correction  which  is  of  such 
a  nature  as  to  render  the  results  worthless  as  quantitative 
results.  The  decomposition  being  invariably  incomplete,  the 
undecomposed  material  was  removed  from  the  glass  tube,  its 
amount  determined,  and  a  correction  made  accordingly. 

3d.  The  mineral  was  also  fused  with  bisulphate  and  with  bi- 
fluoride  of  potash  respectively  in  an  atmosphere  of  carbon 
dioxide.  Though  decomposition  was  usually  effected  in  a 
couple  of  hours,  the  iron  was  invariably  all  oxidized.  A  redac- 
tion of  the  sulphuric  acid  may  be  the  cause  of  the  result  when 
bisulphate  of  potash  was  used.  No  such  explanation  avails 
in  the  case  of  the  bifluoride  fusion. 

4th.  Convinced,  by  the  summations  of  some  of  the  analyses, 
and  by  comparing  the  loss  on  ignition  with  the  corresponding 
direct  water  determinations,  that  the  iron  in  tourmaline  must 
be  there,  in  large  part  at  least,  in  the   ferrous  condition,  I 
finally  heated  the   mineral   with   hydrofluoric  and    sulphuric 
acids  in  the  closed  platinum  crucible  over  the  direct  flame,  thus 
digesting  at  a  moderately  high  temperature  and  a  correspond- 
ingly high  pressure,  and  at  the  same  time  securing  a  constant 
agitation  of  the  powdered  mineral — a  condition  of  vital  im- 
portance.    In  these  determinations  a  thin  lead  washer  replaced 
the  rubber.     A  half  hour,  with  these  conditions,  usually  suf- 
ficed to  bring  about  complete  decomposition.     The  crociUe 
was  cooled  in  an  atmosphere  of  carbon  dioxide  and  the  iron 
determined  in  the  ordinary  way  with  a  permanganate  solution. 
Fair  results  were  obtained,  such  as  to  indicate  that  the  iron  in 
tourmaline  is  there  chiefly  in  the  ferrous  condition. 

Alkalies. — Several  vain  attempts  were  made  to  decompose 
the  tourmaline  with  hydrofluoric  and  sulphuric  acids.   As  show- 
ing the  refractory  nature  of  the  mineral  the  following  isacatf 
in  point :  One  gram  of  the  pale  green  Auburn   variety,  after 
being  ignited,  was  evaporated  to  dryness  with  20  c.c.  of  hydrate 
oric  acid  five  times,  and  yet  left  an  insoluble  residue  of  0418 
grams.     The  Lawrence  Smith  method  was  finally  adopted  and 
with  highly  satisfactory  results.     The  only  precautions  neces- 
sary are  that  the  mineral  be  finely  powdered  and  that  the  mix- 
ture with  ammonium  chloride  and  calcium  carbonate  be  inti- 
mate, which  latter  condition  is  only  to  be  secured  by  grinding 
the  several  ingredients  together.     When  these  conditions  aw 
what  they  should  be,  there  is  no  trouble  in   bringing  about 
complete  decomposition  in  the  course  of  an  hour's  gentle  igni- 
tion.    After  the  alkalies  have  been  leached  out  with  water  the 
residue  should  of  course  be  treated  with  acid  to  test  the  com 
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itenese  of  the  disintegration.  In  the  case  of  the  tourmalines, 
th  their  low  silica  percentages,  the  solution  'is  usually  com- 
>te  if  the  decomposition  has  been  complete.  After  the 
talies  have  been  freed  from  the  other  bases  by  the  usual 
ill-known  •  methods,  though  the  greater  part  of  the  boric 
;d  will  have  been  driven  off  by  the  repeated  evapora- 
U8,  more  or  less  mav  remain.     This  residual   is   removed 

two  or  three  evaporations  with  methyl  alcohol.  The  sep- 
ition  of  lithia  from  the  other  alkalies  was  made  by  the  Gooch 
>thod,  i.  e.,  by  boiling  the  mixed  chlorides  in  amyl  alcohol, 
d  the  further  separation  of  the  potash  and  soda  effected  after 
b  usual  manner. 

Silica. — On  the  strength  of  the  belief  that  tourmaline  some- 
ues  contained  fluorine  in  considerable  amounts,  the  silica 
is  at  first  estimated  by  precipitating  it  with  carbonate  of  am- 
Miia.  When  the  bases,  thrown  out  by  this  reagent,  are  so 
excess  of  the  silica  as  they  are  in  tourmaline,  its  precipitation 
quite  easy  and  quantitative.  Nevertheless,  when  the  method 
as  used  01  duplicate  determinations,  the  higher  was  taken  in 
te  summation  of  the  analysis.  (Save  where  the  silica  is 
reatly  in  excess  of  the  bases  thrown  down  by  ammonium  car- 
)nate,  the  addition  of  zinc  or  like  compounds,  as  is  commonly 
commended,  is  wholly  unnecessary.  In  fact,  even  in  dealing 
ith  such  minerals  as  the  lepidolites,  which  contain  about  fifty 
er  cent  of  silica  and  less  than  thirty  of  alumina,  the  addition 
f  zinc  compounds  gives  no  better  results  than  can  be  obtained 
y  simple  evaporation  with  carbonate  of  ammonia,  the  evap- 
ration  being  repeated  several  times.) 

So  soon  as  it  became  evident  that  the  amount  of  fluorine, 
\  present  at  all,  was  so  small  that  its  influence  in  carrying  off 
thca  (the  amount  of  silica  carried  off  by  fluorine  on  evap- 
rating  a  soda  fusion  with  hydrochloric  acid  is  but  a  small  part 
f  the  tetrafluoride  equivalent)  could  be  neglected,  the  ordi- 
uy  method  of  separation  was  employed.  In  all  cases  the 
Kca  was  corrected  by  evaporation  with  hydrofluoric  acid. 
Alumina. — The  only  point  worthy  of  mention  in  this  con- 
ation is  the  necessity  of  testing  the  alumina  for  the  silica 
hich  it  frequently  contains.  This  is  usually  done  by  fusing 
e  ignited  oxides  with  bisulphate  of  potash.  But  when  they 
lount  to  as  much  as  they  do  in  the  tourmaline  a  carbonate  of 
la  fusion  works  more  satisfactorily.  It  can  be  continued 
iger  and  at  a  higher  temperature.  This  fusion  is  readily  con- 
led  into  a  sulphate  fusion  and  the  desired  silica  separation 
us  accomplished.  As  regards  other  determinations  nothing 
particular  need  be  said. 
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Analyses. 


Analyses  have  been  made  of  material  from  the  following  lo- 
calities :  Auburn,  Rumford,  and  Paris,  Maine ;  Calhao,  prov- 
ince of  Minas  Geraes,  Brazil ;  Dekalb,  Gouverneur  and  Pierre- 
pont,  1ST.  Y. ;  Hamburg,  N.  J. ;  Orford,  N.  H. ;  Monroe  and 
Haddam,  Ct ;  Stony  Point,  N.  C,  and  Nantic  Gulf,  Baffin*! 
Land.  These  represent  well  the  variations  in  physical  properties 
and  chemical  composition  which  characterize  the  different  v* 
rieties  of  tourmaline.  The  results  of  these  analyses  are  grouped 
for  the  sake  of  compactness.  The  tourmalines  from  Maine  and. 
Brazil  are  thrown  together  according  to  localities.  Those  from 
other  localities  are  roughly  grouped  on  the  basis  of  their  com- 
position. 

Maine. — These  tourmalines  occur  in  veins  of  albitic  granite, 
the  chief  constituents  of  which  are  quartz,  albite  and  miuco- 
vite,  with  lepidolite  and  beryl  as  important  accessories. 

Auburn. — A.  Colorless  to  pale  green  crystals,  some  of  which 
were  tinged  pink  and  blue ;  infusible.  G.  8*07.  B.  Light 
green  fragile  crystals,  infusible.  C.  Dark  green  massive  tow- 
maline,  fuses  with  difficulty.  I).  Massive  black  tourmaline, 
easily  fusible.     G.  319. 
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I.             II.                                 I.              II. 
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I.        II. 

L          EL 

SiO,     3814   —    3800    37*85    —    3780 
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15 
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1 

? 
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MnO      138                           -51 
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less  oxy.   26                         -26 
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The  material  for  the  above  analyses  was  received  from  Mr. 
N.  H.  Perry,  of  South  Paris,  Maine. 

Rumford.     A.     Massive,  rose-colored,  infusible.     G.  2*997. 
B.     Massive,  dark  green,  fuses  with  difficulty. 

Paris,  Black  Mt.      Massive,  black,  powder   bluish,  easily 
fusible. 
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B 
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For  the  Rumford  material  I  am  indebted  to  Mr.  E.  M.  Bailey, 
Andover,  Maine.    The  Paris  tourmaline  was  kindly  furnished 

out  of  the  National  Museum  collection. 
'n  connection  with  the  Maine  tourmaline  the  following  inter- 
ng  alteration  products  were  studied.      A.  An  alteration 
in  the  light  green  Auburn  (B)  variety.     B.  Flesh-colored 
sration  from  the  Rumford  locality,     u.  An  alteration  from 

Hebron  rubellite. 
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— 

Xa,0 

2*16 

54 

105 

KaO 

964 

944 

1092 

H90 

— 

4*80 

425 

B,Of 

trace 

trace 

trace 

F 

— 

trace? 

none 

100-25 


100*16 


While  the  light  green  Auburn  tourmaline  were  mostly  trans- 
cent  crystals,  a  few  were  found,  which,  having  become  partially 
>aque,  had  assumed  a  micaceous  structure.  With  scant  mate- 
al  but  the  above  partial  analysis  was  possible.  The  results 
adicate  a  change  in  the  direction  of  lepidolite. 
The  Rumford  alteration  product  was  examined  microscopi- 
cally by  Mr.  J.  S.  Diller,  who  observed  as  follows :  "  under  tne 
microscope  it  is  seen  to  be  composed  of  two  minerals  most 
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thoroughly  intermingled  in  nearly  equal  proportions.  One  of 
these  minerals  is  micaceous  in  structure,  with  strong  doable 
refraction  like  damourite,  which  it  closely  resembles  in  genenl 
appearance.  The  other  mineral  is  clear,  colorless  and  apparently 
monoclinic,  with  a  rather  low  index  of  refraction  and  moderately 
intense  double  refraction." 

While  the  Hebron  rubellite  alteration  product  retains  its 
crystalline  form,  its  material  is  altered  into  a  softer  mineral  of 
an  opaque  talcose  appearance.  The  analysis  shows  the  change 
to  be  toward  damourite  (F.  W.  Clarke,  this  Journal,  Not, 
1886),  and  not  lepidolite  as  has  been  supposed  in  this  case. 

Brazil,  Caljfas,  Province  of  Minas  Geraes.  The  association  of 
these  tourmalines  I  was  unable  to  find  out  From  their  compo- 
sition however  it  is  probable  that  it  does  not  differ  greatly  from 
that  of  the  Maine  varieties.  The  specimens  analyzed  were  from 
the  hands  of  Mr.  G.  F.  Eunz.  A.  The  pink,  almost  colorless 
center  of  crystals  having  a  green  border,  infusible,  G.  3028. 
B.  Pale  green,  like  the  border  of  B,  infusible.  C.  Olive 
green,  fusible  in  very  thin  splinters.  D.  Black,  in  thin  splin- 
ters a  smoky  blue  green,  fuses  easily,  G.  3#20. 


A 


•52  [42-94-43  08    2*29  [42-30-42-38 


L         IL 
8iO,     3719    —     37-12 
A1,0,  42-43 1 
Fe*0»  none  I 
FeO 
P,0» 
MuO 
OaO 
MgO 
Li90 
Na,0 
K,0 
H,0 
B,0, 


37-39 
39-651 
•15 


B 


c 


D 

—A. 


n. 
37*31 


IL 


none  J 

•79 

•57 

none 

1-73 

2-24 

•23 

3  90 

1006 


3-86-3-93 
996-10-16 


F     trace  ? 


trace  J 
1-47 

•49 

none 

1-71 

2-42 

•25 
3  63 
10-29 

•32 


3-60-3*66 
1010-10-49 
—        -41 


3691 
38*33 

•31 
319 

11 
2-22 

•38 

•04 
1*61 
2*70 

•28 
364 
9-87 

•14 


9*85-9-88 
-      -17 


99*66 
Less  oxygen 


10006 
13 


99*93 


99*53 
06 

99-47 


34-63 

32-70 

•31 

13.69 

none 

12 

•33 

213 

•08 

211 

•24 

3-49 

963 

06 

99*52 
•02 

99-50 


L         U. 
—    34-M 


3-42-3*56 

9-55-9*70 

—        10 


Dekalb,  St.  Lawrence  Co.,  N.  Y.  Colorless  to  light  brown 
translucent  crystals,  in  calcite,  with  quartz  and  titanic  oxide  in- 
clusions, easily  fusible,  G.  3*085. 

Gouverneur,  St.  Lawrence  Co.,  N.  Y.  Brown,  massive,  asso- 
ciated with  calcite.     Easily  fusible. 

Hamburg,  N.  J.  Large  cinnamon-brown  crystals,  associated 
with  quartz  and  colorless  mica  in  calcite,  abounding  in  inclusions 
of  small  black  scales  of  titanic  oxide.     Easily  fusible. 
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Dekalb. 

Ooarernear. 

Hamburg. 

f 

• 

i.        n 

i.        n. 

l       n. 

36*88 

• 

37-39 

37-33-37*45 

35*25 

,               28*87 

27-79 

28-49 

i                    — 

•10 

none 

•52 

•64 

•86 

•12 

119 

•65 

undet 

none 

trace 

none 

none 

none 

3-70 

2*78 

509 

14-63 

14*09 

14*58 

trace 

trace 

trace 

none 

none 

none 

trace 

trace 

trace 

1-39 

1*72 

•94 

•18 

•16 

18 

356 

3-55-3*57 

3*83 

3-77-3*89 

310 

302-3-18 

10-58 

10-46-10-70 

10*73 

10*63-10*83 

10-45 

•50 

trace  ? 

•78 

100*83 

100*42 

10037 

ixygen       -21 

•33 

100*62 


100*04 


>r  the  Dekalb  and  Hamburg  tourmaline  I  am  greatly  hi- 
ed to  Mr.  G.  F.  Kunz.    The  Gouverneur  material  was  from 
National  Museum  collection. 
*om  the  large  amount  of  titanic  oxide  found  in  the  Gouvern- 

E3cimen,  it  was  feared  that  it  might  be  there  as  an  impurity, 
iller  kindly  examined  a  section  microscopically  and  found 
i  the  contrary,  to  be  quite  free  from  inclusions  of  any  kind, 
imens,  from  other  Gouverneur  localities,  viz :  from  the  town 
ouverneur  itself  and  from  Reese's  farm,  seven  miles  to  the 
lward,  were  also  found  to  contain  the  oxide  in  large  amounts. 
"ford,  N.  H.  Dark  brown  crystals  in  chloritic  schist. 
j  fusible. 

onroe,  Ct.     Dark  brown  crystals  in  chloritic  schist.     Easily 
le. 


Oxford. 

i. 

n. 

Monroe. 

SiO, 

36*66 

36*41 

A1.0, 

32-84 

31-27 

Fe,0, 

none 

none 

FeO 

2-50 

3-80 

TiOa 

•23 

1*61 

PaO» 

none 

trace 

MnO 

trace 

trace 

CaO 

1-35 

•98 

MgO 

10-35 

9-47 

Sr,0 

trace 

trace 

BaO 

none 

none 

Li,0 

trace 

none 

Na,0 

2*42 

2-68 

K,0 

•22 

•21 

H,0 

3*78 

377- 

-3-79 

379 

3*76-3-82 

B,0, 

1007 

9*86-1028 

9*65 

9*57-9*73 

F 

• 

trace 

none 

100*42 


99-87 
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The  Orford  material  was  received  from  Mr.  C,  H.  Hitch- 
cock, the  Monroe  specimen  came  from  the  National  Museum 
Collection.  The  schistose  gangue,  in  which  the  tourmaline 
from  Orford  and  Monroe  are  imbedded  is  of  particular  inter- 
est, and  was  studied  microscopically  as  well  as  chemically,  in 
the  hope  that  it  might  throw  light  on  the  genetic  relations  of 
magnesiap  tourmaline.  The  microscopic  work,  which  was  of 
special  importance  was  kindly  undertaken  by  Mr.  J.  S.  Diller. 
The  following  are  the  results  of  partial  chemical  analysis : — 


Orford. 

Monroe. 

SiO, 

2718 

43*30 

A1,0, 

3310 

27*44 

CaO 

•19 

1-96 

MgO 

2809 

19  22 

Na,0 

undet. 

1-47 

K,0      • 

undet. 

•60 

Ign. 

11-75 

7  46 

100*31  101*44 


While  Mr.  Diller  found  the  Orford  matrix  to  be  essentially 
chlorite,  in  agreement  with  the  results  of  chemical  analysis,  the 
gangue  rock  of  the  Monroe  tourmaline  turned  out  to  be  parte- 
larlv  interesting. 

Of  this  Mr.  Diller  says,  "  this  light  gray  glittering  rock  i* 
composed  chiefly  of  biotite,  chlorite  and  a  light  colored  mineral 
which  may  possibly  be  zoisite.     The  biotite  is  very  dark 
apparently  uniaxial  and  negative,  with  all  the  other  | " 

Eroperties  of  the  species.     The  chlorite  is  much  paler  t 
iotite,  and  is  of  a  greenish  color.     It  is  distinctly  biaxial,  with 
a  small  optic  angle,  and  positive.     The  relation  of  the  chlorite 
to  the  biotite  is  readily  seen   in   the  thin   sections   where  it 
evidently  is  derived  from  the  latter  by  a  process  of  alteration. 
An  interesting  feature  is  that  in  the  immediate  vicinity  of  the 
imbedded  tourmaline  the  biotite  is  all  changed  to  chlorite,  and 
is  aiTanged  with  its  foliae  approximately  perpendicular  to  the 
crystallographic  planes  of  the  tourmaline,  against  which  it  im- 
pinges.    The  chlorite  completely  envelopes  the  tourmaline  and 
the  other  portions  of  the  hand-specimen  are  made  up  chiefly  of 
biotite  and  the  zoisitic  mineral,  with  a   small   proportion  of 
chlorite.     This  variation  in  the  mineralogical  composition  of 
the  hand-specimen  readily  explains   the  discrepancy  there  at 
first  appeared  to  be  between  the  results  of  chemical  analysis  and 
my  observations."     That  the  analysis  represents  a  portion  of 
the  rock  rich  in  chlorite  and  poor  in  biotite,  the  high  magnesia 
and  low  alkalies  plainly  show.     The  relation  existing  between 
the  biotite,  chlorite  and  tourmaline  in  this  Monroe  matrix  is 
instructive,  indicating,  as  suggested,  the  transition  to  be  from  the 
mica  through  the  chlorite  to  the  tourmaline. 
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trrepont,  St  Lawrence  Co.,  N.  Y.     Perfect  black  crystals, 
cite,  fuses  easily.    G.  3*08. 

ntic  Gulf,  Cumberland,   Baffin's  Land.     A  large  black 
J,  easily  fusible.     G.  3*095. 

ny  Point,  Alexander  Co.,  N.  C.    Perfect  medium-sized 
crystals,  with  implanted  crystals  of  quartz ;  associated 
•als  chiefly  quartz,  muscovite,  apatite,  rutile,  beryl  and 
mene,  fuses  easily.     G.  313. 

ddam,  Ct.     Black  crystals  in  quartz  and  feldspar,  powder 
>lack,  easily  fusible. 


tfgen, 


Pierrepont. 

Nantlc  Gulf. 

Stony  Pt. 

H&ddam. 

t ^~ 

L 

n. 

I. 

n. 

I. 

IL 

i.       n. 

3561 

35*34 

• 

35-56 

3495 

25  29 

80-49 

33  38 

3111 

•44 

none 

none 

•50 

8-19 

8-22 

8-49 

11-87 

•55 

•40 

•55 

•67 

trace 

none 

? 

trace 

trace 

trace 

04 

09 

3-31 

2-32 

•53 

•81 

1107 

7-76 

5  44 

445 

Done 

trace 

none 

none 

? 

? 

none 

none 

trace 

trace 

trace 

trace 

1-51 

1-76 

216 

2-22 

•20 

15 

•24 

•24 

3-34  330- 

-3*37 

360  3*53- 

-3-67 

3  63  357- 

-369 

3.62    3-58-3*66 

10-15  10-00-10-31 10-45 10-30-10-60 1040 

9-92  9-74-1010 

•27 

none 

none 

none 

99-93 

100-49 

100-42 

100-35 

11 

99-82 


.  W.  E.  Hidden  very  kindly  furnished  the  Stony  Point 
rial.  For  the  other  specimens  I  am  indebted  to  the 
>nal  Museum  collection.  The  gravity  determinations  of 
'ierrepont,  StonyPoint  and  Nantic  Gulf  tourmaline  were 
y  made  by  Dr.  W  illiam  Hallock. 

>m  the  above  analyses  it  is  at  once  apparent  that  we  have 
types  to  deal  with,  lithia,  iron  and  magnesia  tourmaline 
ctively,  with  an  indefinite  number  of  intermediate  products, 
t  aid  to  comparison  I  have  brought  these  results  together 
3  following  table,  arranging  them  so  as  best  to  show  how 
types  graduate  from  one  into  the  other,  beginning  with  the 
tourmaline  and  passing  from  them  through  the. iron 
;ies  to  those  of  the  purer  magnesian  type.  The  iron  tour- 
e  appears  to  be  the  connecting  link. 
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Ls  the  outcome  of  his  work,  Rammelsberg  concludes  that 
tourmaline  may  be  referred  to  the  following  silicate  types  : 
SiO„  R",SiOs,  and  R",SiOs,  in  which  R'=H,  Li,  Na  and 
R"=Mg,  Ca,  Fe,  and  Mn  and  R'"=A1  and  B,  making  bo- 
acid  and  alumina  equivalent  He  groups  them  in  two 
sses:  I,  iron-magnesian  tourmaline,  represented  by  the 
mula 

j    R'.SiO.    )    .       j    R"  SiO.  ) 
m \  3R'\si6.  \+n\  3R"',Si06  \ 

fc'"=B  :  2A1  and  II,  lithia  tourmaline  referred  to  the  formula 
J  R'.SiO.      )    .        j  R'jSiO,     \  where  R'"=B :  3A1, 


j  R'6Si06      J   ,       j  R'SiO,     ) 


h  the  following  special  f orraute  :  R'a  R"„  Al4  Ba  Si4  09#  for  the 
re  purely  magnesian  varieties  ;  R'10  R/f4  Al19  Be  Siia  Ow  for  the 
rer  iron  varieties,  and  for  the  lithia  tourmaline  R'6  Alia  B4 

04$,  and  other  complications  for  those  lithia  varieties  con- 
ning iron. 

Attention  has  been  called  to  the  weak  points  in  Rammels- 
rg's  analyses ;  but,  for  the  sake  of  emphasis,  I  refer  again  to 

method  of  determining  the  water  and  what  depends  on  it. 
>  assumes  that  the  fluorine  is  driven  off  quantitatively  on  ig- 
ioD,  carrying  with  it  silicon  as  the  tetraflnoride.  This 
umption  is  a  questionable  one.  A  half  hour's  blasting  would 
tra  to  be  sufficient  to  drive  off  the  water,  but  it  was  repeat- 
ly  observed  that  where  the  tourmaline  contained  fluorine, 
rther  blasting,-  after  the  water  was  presumably  all  expelled, 
a  invariably  accompanied  by  a  small  loss.  This  after  loss 
jb  probably  fluorine  in  some  of  its  silicon  compounds, 
experiments  made  it  clear  that  boric  acid  is  driven  off  by 

amount  of  blasting.  While  making  this  correction  for  flu- 
ine,  the  oxidation  of  the  iron  is  wholly  ignored.  If  anything 
is  noticeable  in  the  ignition  of  tourmaline  it  was  the  appar- 
it  ease  with  which  the  iron  oxidized.  In  the  above  table  the 
B8  on  ignition  is  given  in  many  cases.  Comparing  this  loss 
ith  the  direct  determinations  of  water,  at  the  same  time  no- 
ng  the  amounts  of  iron  contained  in  the  tourmaline  in  ques- 
on,  one  is  forced  to  conclude  that  the  oxidation  of  the  iron 
&p  an  all-important  role  here,  in  diminishing  the  loss  by  ig- 
tion  by  the  amount  required  to  convert  it  into  ferric  oxide. 

we  take  Rammelsberg's  ignition  results*  and  make  the  more 
stifiable  correction  for  the  oxidation  of  the  iron,  setting  aside 
e  fluorine  correction,  we  would  have  more  concordant  results 
deal  with ;  results,  moreover,  which  agree  closely  with  the 
■ect  determinations  of  water.     But  if  the  percentages  repre- 

*Pogg.,  lzxz,  449;  lxxxi,  1. 
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renting  water  be  low,  those  of  boric  acid,  where  estimated  by 
difference,  ought  to  be  correspondingly  high,  and  so  thej  are 
in  a  few  cases  In  the  greater  number  of  analyses,  however, 
they  are  unaccountably  low,  unless  we  suppose,  as  I  am  inclined 
to,  that  the  silica  determinations  were  nigh,  representing  in 
some  cases,  besides  actual  silica,  more  than  a  per  cent  of  impa- 
rities. If  all  this  be  true,  in  working  out  Ids  ratios,  Rammels- 
berg  found  in  water  and  boric  acid  two  variables  instead  of 
the  two  constants  that  they  probably  are,  and  one  need  not 
wonder  that  he  found  it  difficult  to  discover  unity  in  hie 
analyses. 

It  is  scarcely  necessary  to  say  that  certain  constituents  found 
in  tourmaline  are  non-essential,  but  have  been  thrust  upon  them 
by  their  associates.  The  idea  that  a  tourmaline  must  have  its 
fluorine  was  long  since  exploded. 

If  we  study  tie  essential  constituents  in  the  light  of  their 
molecular  or  atomic  ratios,  we  will  find  some  very  interestu^ 
relations.     The  ratios  of  certain  elements  are  constants  in  all 
varieties  of  tourmaline.     Si  :  B  :  II :  0=1 :  £  :  | :  5-2.     All  the 
other  constituents  are  variable  and  within   rather  indefinite 
limits.     Considered  individually  they  are  enigmas.    If,  how- 
ever, the  bases,  including  hydrogen,  be  reduced  to  a  common 
univalent  basis  and  be  consolidated,  the  results  fall  into  line 
with  the  above  ratios.     This  reduction  may  be  made  in  either 
one  of  two  ways,  and  with  almost  equally  good  results.    Id 
the  table  of  the  ratios  of  constants  given  below  it  will  be  no- 
ticed that  the  oxygen  ratio  is  invariably  slightly  in  excess  of 
the  amount  necessary  to  the  silicon  and  boron  even  though  we 
assume  both  the  Si04  group  as  we  certainly  must,   and  the 
group  BO,  as  is  also  necessary  if  we  would  give  account  for  the 
oxygen.     This  small  residual  is  to  be  disposed  of.     It  can  be 
done  by  postulating  either  an  A1=0  or  the  0-H  group.  Both 
hypotheses  have  been  used  in  constructing  the  following  table. 
R(1)  is  the  univalent  equivalent  of  the  bases  with  the  oxygen 
excess  incorporated  in  an  A1=0  group,  R(*)   the   univalent 
equivalent  ot  the  bases  on  the  basis  of  an  assumed  0-H  group. 
The  table  is  given  in  full  that  the  extent  of  the  variations, 
from  what  seem  to  be  simple  ratios,   may  in  no  wise  be  con- 
cealed, as  is  often  the  case,  when  averages  are  given.     The  hy- 
drogen ratio,  though  already  included  in  It,  is  given  by  itself, 
being  one  of  the  constants.     For  much  the  same  reason  the  al- 
kali ratios  are  also  given,  although  here  the  constancy  would 
seem  to  be  limited  to  a  type.     This  at  least  appears  to  be  true 
for  the  iron  and  lithia  varieties. 
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Si 


Ruroford  A.  . 

Brazil  A 

Auburn   A. . . 

Brazil  B 

Auburn  B. 

Brazil  C 

Romford  B... 

Auburn  C 

Paris.* 

Auburn  D.  .. 

Brazil  D 

Haddam 

Nantic  Gulf.  _ 

Stony  Pt 

Pierrepout .  _ 

Monroe. 

Orford 

Gouverneur,. 

Hamburg. 

Dekalb 


B 

•46 
•47 
•46 
•41 
•48 
•45 
•48 
•46 
•45 
•48 
•48 
•50 
•51 
•51 
•51 
•46 
•48 
•50 
•51 
•50 


4*48 
445 
4*43 
4'50 
4*48 
442 
444 
4*50 
4*47 
4-50 
4*50 
451 
452 
419 
4*52 
443 
4*48 
4*51 
4'50 
4*51 


RO 

501 
5-12 
4-83 
4-92 
4-80 
4*93 
495 
499 
5-09 
501 
502 
500 
500 
501 
4-77 
489 
499 
473 
508 
508 


0 

5*18 

526 

510 

5-17 

511 

515 

5-20 

5-20 

521 

521 

521 

524 

525 

541 

513 

5*12 

520 

510 

5-30 

529 


H 

74 
70 
72 
66 
71 
66 
64 
74 
70 
70 
68 
69 
68 
68 
63 
69 
68 
68 
59 
66 


Alk. 

•28 
•31 
•28 
•31 
•30 
•32 
•30 
•28 

12 

12 

13 

12 
•12 
•10 
•09 
•15 

13 
•10 
•06 
•08 


•48    :      4*47    :     496    :     520    :       67    : 


Except  in  two  or  three  cases  the  ratios  of  Si :  B  :  R(') :  O  ap- 
proximate closely  1 :  £ :  £  :  5.  The  oxygen,  in  excess  of  the 
amount  exactly  represented  by  the  ratio  (5),  having  been  ab- 
sorbed in  an  A1=0  group.  These  ratios  give  as  a  general  tour- 
maline formula  the  simple  boro-orthosilicate  R9B082Si04, 
which  resolves  itself  into  the  graphic  formula 

/BO, 
RTSi04NR 

RfSio/ 

The  R9  includes  the  constant  H=Rj  (Li,  Na,  K),  varying;[be- 
tween  the  limits  Rj  and  R|,  (Ca .  Mg)  varying  from  R0  to  Rt, 
Fe  varying  from  R0  to  R±  and  (Al,  A1=0)  varying  from  R4  to 
RV  Cm  the  other  hand  the  ratios  Si :  B  .  RH :  O  are  about  as 
1:^:10:5*20,  which  would  give  the  equally  simple  general 
formula  R10BO92SiO4,  where  R10  includes  the  above  constant 
and  variables  excepting  that  OH  replaces  the  A1=0  group  and 
Al  accordingly  varies  between  the  limits  R6  and  Rg.  If  we 
expand,  in  order  to  bring  out  the  hydroxyl  ratio,  we  have 
mO*  6BO„  RMH5(OH),=Si :  B :  R  :  0=1 :  J  :  5  : 5-25. 

Between  these  two  views  there  are  at  present  no  means  at 
iand  of  deciding.  Could  we  find  out  that  the  water  is  not 
all  driven  off  at  the  same  temperature  or  something  of  the  kind, 
the  knowledge  would  favor  the  latter  assumption. 

Experiments  to  this  end  are  desirable.     But  whichever  pos- 
tulate we  make,  the  following  special  formula  may  be  taken  as 
representing  typical  compounds  of  the  three  varieties : 
Am.  Jour.  Scl— Third  Series,  Vol.  XXXV,  No.  205.— Jan.,  1888. 
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I.  Lithia  tourmaline  12SiO„  3B,0„  4H.O,  8A1.0,,  2(NaLi)10. 

II.  Iron  tourmaline  12SiO  ,  3B.0 ,  4H.O,  7A1,0„  4FeO,  Na.0. 

III.  Magnesian    tourmaline    12SiOt,    3B,0„    4HLO,   5AL0- 
^MgO,  |Na,0. 


Calculated. 

L 

B,0, 

11-00 

sib; 

37-70 

AlA 

4275 

Feb 

MgO 

Li.O 

1-57 

Na,0 

3-21 

H,0 

3-77 

100-00 


IL 

10-18 
34-89 
34-59 
13-95 


2-90 
3-49 

100-00 


m. 

10*90 
37-38 
26*49 

19-81 

2-18 
3-74 

100-00 


On  comparing  the  theoretical  composition  of  the  above  typa 
with  the  results  of  analysis,  they  will  be  found  to  agree  » 
closely  as  could  be  expected,  at  least  in  values  of  the  constants. 
The  boric  acid  found  invariably  falls  short  of  the  theory.  TUi 
is  to  be  expected.  The  analyses  do  not  represent  ideal  com- 
pounds, but  are  made  of  material  more  or  less  impure  and  the 
case  would  be  very  exceptional  where  the  impurity  tended  to 
raise  and  not  lower  the  percentage  of  boric  acia. 

In  some  of  the  above  formulas  the  group  BOt  has  beeD  as- 
sumed because  the  oxygen  ratio  demanded  it.  As  has  already 
been  suggested  the  ease  with  which  the  iron  oxidizes  and  the 
mysterious  manner  in  which  this  change  takes  place,  under  con- 
ditions when  we  would  suppose  it  to  be  impossible,  possibly 
point  toward  a  higher  degree  of  oxidation  than  the  more  com- 
mon BaOt.  As  the  result  of  a  slow  molecular  rearrangement 
the  one  is  oxidized  at  the  expense  of  the  other.  Such  a  change 
is,  I  believe,  not  without  its  analogies.  Certain  borates,  when 
the  assumption  of  an  even  higher  oxide  is  thought  necessary, 
on  being  heated  give  borates  of  a  lower  order. 

Notes. — The  question  of  color  is  an  interesting  one,  particu- 
larly when  the  varying  colors  of  the  lithia  tourmaline  are 
concerned.  For,  while  the  colo*  of  the  iron  and  magnesian 
varieties  depends  on  the  amount  of  iron  present  and  ranges  from 
the  colorless  Dekalb  through  all  the  shades  of  brown  to  the 
Pierrepont  black,  the  lithia  tourmaline,  containing  more  or  less 
manganese,  give  us  the  red,  green  and  blue,  as  well  as  the  color 
less  varieties,  the  shades  of  color  not  depending  on  the  absolute 
amount  of  manganese  present  but  rather  on  the  ratios  existing 
between  that  element  and  the  iron.  When  the  ratios  of  Ma: 
Fe  approximate  =1:1  we  have  the  colorless,  pink  or  very  pale 
green  tourmaline.     An  excess  of  manganese  produces  the  red 
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rietiea  On  the  other  hand  if  the  iron  be  in  excess  the  result 
the  various  shades  of  green  and  blue. 

As  regards  fusibility,  the  lithia  tourmalines  which  are  free 
>m  both  iron  and  magnesia  are  infusible.  The  presence  of 
her  or  both  of  these  elements  brings  with  it  a  degree  of  fusi- 
ity  increasing  with  their  increase  till  we  find  in  those  tourma- 
.es  containing  much  of  either  or  both  constituents  easily  fusible 
nerals. 

The  titanic  oxide  associated  with  the  Hamburg  and  Dekalb 
innaline  attracted  special  attention  because  of  its  form, 
iving  been  examined  chemically  it  was  studied  microscopic- 
y  by  Mr.  J.  S.  Diller,  who  observed  as  follows  :  u  The  small 
>n  black  scales  with  a  rather  brilliant  metallic  luster  are  cleav- 
le  into  very  thin  folia,  the  thinnest  of  which,  under  the 
icroecope,  are  perfectly  opaque.  In  reflected  light  these 
mellaB  show  three  systems  of  cleavage  planes,  traces  of  which, 
>on  the  plane  of  foliation,  intersect  at  an  angle  of  60°.  The 
savage  planes  make  a  large  angle  with  the  plane  of  foliation 
id  it  is  evident  that  this  mineral  is  rhombohedral  in  crystalli- 
tion.  It  is  infusible  on  very  thin  edges  and  does  not  become 
agnetic  when  heated.  By  this  means  it  is  distinguished  from 
jmatite  and  ilmenite.  From  its  physical  properties  alone  I 
ould  conclude  that  it  is  a  member  of  the  ilmenite  series  rich 
oxide  of  titanium.  As  analysis  shows  it  to  be  essentially 
anic  oxide,  it  becomes  of  special  interest.  In  the  first  place 
is  the  extreme  member  of  the  ilmenite  series  and  in  the 
cond  place  it  is  a  new  form  of  titanic  oxide,  which  is  thus 
own  to  be  tetramorphic." 

Laboratory  U.  8.  GeoL  Survey,  Washington,  August  31,  1887. 


bt.  IV. — On  the  different  types  of  the  Devonian  System  in 
North  America  ;  by  Henry  S.  Williams.* 

The  sections  of  the  Devonian  rocks  in  North  America  pre- 

nt  at  least  four  distinct  types  of  stratigraphy  in  their  out- 

ope  in  different  parts  of  the  continent.     The  four  areas  blend 

mewhat  at  their  borders,  but  in  their  central  sections  are 

ay  distinct. 

The  four  areas  may  be  called  the 

(1)  Eastern  Border  Area,  including  the  outcrops  of  Gasp6, 

bw  Brunswick,  Maine,  and  other  places  in  Northern  New 

lgland; 

'Read  at  the  New  York  meeting  of  the  American  Association  for  the  Advance- 
it  of  Science,  August,  1887,  and  constituting  a  part  of  a  preliminary  report  on 
Devonian  to  the  American  Committee  of  the  International  Congress  of  Geolo- 

8. 
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(2)  The  Eastern  Continental  Area,  including  the  New 
York  and  Appalachian  tracts  as  far  south  as  West  Virginia, 
and  extending  northwestward  into  Canada  West  and  Michigan ; 

(3)  The  Interior  Continental  Area,  typically  seen  in  Iowa 
and  Missouri,  extending  into  Illinois  and  Indiana,  and  probably 
northward  toward  the  valley  of  the  Mackenzie  River ;  and 

(4)  The  Western  Continental  Area,  best  known  through 
Hague  and  Walcott's  studies  of  the  Eureka,  Nevada,  sections. 

Each  of  these  four  areas  presents  sections  of  the  Devonian, 
which  in  all  the  details  of  their  stratigraphical,  lithological  and 
paleontological  composition  are  different  from  each  other. 

The  Eastern  Border  Area. 

The  typical  eastern  border  section,  as  seen  at  Gasp6,  i^a 
heavy  series  of  arenaceous  shales,  sandstones  and  conglomer- 
ates, gray,  drab  and  red  in  color,  of  some  7,000  feet  thicknesa. 
It  lies  upon  2,*000  feet  of  limestone,  which  holds  in  the  upper 
part  fossils  of  upper  Silurian  age.  These  are  regarded  by 
Billings  as  of  Helderberg  types.  The  first  thousand  feet  of 
the  sandstone  shows  a  rich  flora,  and,  by  some  traces  of  inver- 
tebrate fossils,  is  known  to  date  back  as  early  as  the  age  of  the 
Oriskany  sandstone.  The  first  5,000  feet  of  the  sandstone  rep- 
resents the  interval  from  the  top  of  the  Silurian  to  the  top  of 
the  Chemung  series  of  the  New  York  section,  and  the  terminal 
2,000  feet  may  represent  the  Catskill  series  of  New  York. 
(See  Logan's  Report  upon  the  Gaspe  section  in  "  Geology  of 
Canada,  1863,  p.  390,  etc.)  The  greater  part  of  this  section 
contains  very  few  fossils,  and  these  are  mainly  plant  remains. 
In  the  continuation  of  the  Gaspe  sandstones  on  the  Bay  de 
Chaleur  the  lower  and  upper  beds,  as  I  am  informed  by  Sir 
William  Dawson,  are  not  only  distinguished  by  characteristic 
plants  but  also  by  a  rich  fish  fauna  resembling  that  of  Scotland, 
and  divisible  into  a  lower  zone  with  Cephalaspis,  Coccosteus, 
etc.,  and  an  upper  with  Pterichthys.  On  tracing  the  outcrop* 
westward  across  Maine  and  Northern  New  England,  the  coral- 
bearing  limestones  of  the  lower  Devonian  appear,  indicating  a 
changed  condition  of  the  seas  on  approaching  the  old  Archaean 
axis  on  the  westward,  but  the  outcrops,  as  well  as  the  identity 
of  the  fossils,  are  too  indefinite  to  give  a  clear  idea  of  the  rela- 
tion of  this  border  region  to  the  better  known-  sections  south 
of  the  Adirondacks  and  farther  west  in  New  York  State. 

The  Eastern  Continental  Area. 

The  second  area,  the  eastern  continental,  is  represented  typ^ 
ically  in  New  York  State.  From  there  it  has  been  tracotl 
downward  along  the  Appalachians  as  far  as  to  West  Virginia 
(the  Tennessee  section  assuming  a  closer  relation  to  the  interio: 
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•ea),  and  northwestward  in  Ohio,  Canada  West  and  Michigan, 
ta  the  western  side  of  the  Cincinnati  axis  the  section  is  inter- 
mediate, but  presents  closer  relations  with  those  of  the  interior 
han  with  the  typical  New  York  section. 

In  New  York  there  is  a  full  series  of  temporary  stages  of 
leposition  each  having  its  characteristic  lithological  compo- 
atiop  and  each  holding  its  distinctive  fauna.  The  lower  Hel- 
lerberg  limestones  were  followed,  in  this  area,  by  a  deposit  of 
joaree  sand  which  is  thicker  and  more  prominent  in  the  eastern 
Bid  southeastern  part  of  the  region,  there  attaining  several 
umdred  feet  in  thickness,  but  thins  out  toward  the  northwest, 
nd  fails  altogether,  both  in  the  extreme  southwestern  and  in 
he  extreme  northwestern  extension  of  the  area.  This  is  the 
)riskany  sandstone,  marked  by  a  few  large  and  well-defined 
Jrachiopods.  The  Oriskany  stage  is  generally  more  or  less 
alcareous,  and  runs  up  into  calcareous  shales  and  grits  along 
he  northeastern  border  of  the  area.  These  latter  are  the 
Jauda-galli  and  Schoharie  grits  of  the  New  York  section. 
?hey  are  followed  above  by  the  Onondaga  and  Corniferous 
imestones,  averaging  less  than  a  hundred  feet  in  thickness,  but 
eaching  three  hundred  feet  thickness,  or  more,  in  some  parts 
f  New  York  and  in  Michigan. 

In  this  eastern  continental  area  there  was  evidently  some 
elationship  between  the  sandy  deposits  beginning  in  the  Oris- 
any  and  the  calcareous  deposits  typically  represented  in  the 
)nondaga  and  Corniferous  limestones;  for  we  find  in  the 
lorthwestern  part  of  the  area  the  sandstones  thinning  out  to 
lmost  nothing,  while  the  limestones  reach  their  greatest  thick- 
less,  and  in  the  eastern  and  more  southern  parts  of  the  area 
he  sandstones  reach  their  greatest  thickness,  while  the  liine- 
tone  dwindles  and  in  some  parts  has  not  been  distinguished  at 
ill.  The  limestone  is  rich  in  corals,  and  in  some  layers,  has 
tbundant  Brachiopods  ;  the  latter  are  types  of  wide  geographi- 
sal  distribution,  and,  in  the  more  common  forms,  such  as 
%rophomena  rhomboidalis  and  Airy  pa  reticularis,  are  species 
rf  long  geological  range.  Some  of  the  corals,  too,  have  a  long 
ftnge  in  the  western  continental  section,  appearing  in  the 
ipper  part  of  the  Nevada  limestone,  according  to  Mr.  Walcott. 

In  New  York  the  next  lithological  stage  of  the  Devonian  is 
i  series  of  shales,  often  beginning  and  terminating  in  black  and 
ometimes  partly  calcareous  shales  ;  but  in  the  central  part  of  the 
action,  gray,  soft  argillaceous  shales,  temporarily  calcareous  in 
laces,  and  holding  a  rich  and  abundant  fauna,  constitute  the 
Hamilton  stage.  The  Hamilton  also  shows  tendency  to  be  more 
Jcareous  westward  and  more  arenaceous  in  the  eastern  out- 
ope,  and  the  sandstones  and  arenaceous  shales  are  thicker  and 
edominate  in  the  Pennsylvania,  Maryland  and  Virginia  sec- 
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tions,  while  the  argillaceous  and  calcareous  shales  are  more  con- 
spicuous in  New  York,  Ohio,  Canada  West. and  Michigan.  A 
thousand  feet  may  be  taken  as  an  average  for  the  thickness,  in 
eluding  the  two  terminal  black  shales,  though  some  of  the  Appa 
lachian  sections  double  this  thickness.  In  our  accepted  classifi 
cation  the  upper,  Genesee  black  shale  is  grouped  with  the  Ham 
ilton,  but,  as  I  have  shown  elsewhere,  there  are  good  reasons  foi 
drawing  the  distinctive  line,  separating  middle  and  upper  De 
vonian,  below  rather  than  above  the  Genesee  shale. 

Above  the  Hamilton  stage  a  period  of  deposition  of  arena 
ceous  shales  and  sandstones  prevailed  all  over  this  eastern  area 
called  the  "  Chemung  Period  "  by  Dana,  and  divided  into  th< 
Portage  and  Chemung  stages.  The  deposits  attain  a  thicknes 
of  two  or  three  thousand  feet  in  New  York  and  Northen 
Pennsylvania,  and  farther  south  are  represented  by  5,000  fee 
of  sandy  deposits,  coarser  toward  the  top,  and  with  occasions 
gravel  conglomeratea  This  series  of  deposits  is  characteristic 
of  the  eastern  area,  and  is  not  recognized  in  the  central  or  west 
ern  areas.  It  is  linked  by  its  flora  with  the  eastern  border  sec 
tione,  and  by  its  fauna  is  recognized  as  intimately  associate 
with  the  upper  Devonian  deposits  of  North  Devonshire  ii 
England. 

The  faunas  of  the  upper  Devonian  change  rapidly  in  com 
position  on  passing  westward  from  the  Appalachian  ridges,  anc 
the  pure  Chemung  type  is  scarcely  recognized  west  of  westen 
New  York  and  Pennsylvania,  although  some  of  its  species  an 
seen  in  the  Iowa  and  Nevada  sections.  Passing  into  Ohio 
Canada  West  and  Michigan,  the  upper  part  of  the  Devoniai 
assumes  a  distinct  type,  which  is  more  closely  allied  with  tha 
of  the  Indiana  and  Illinois  sections.  It  appears  to  be  a  prev 
alence  of  the  conditions  expressed  in  the  Genesee  shales  an< 
associated  Portage  shales  and  sandstones  of  New  York,  wit! 
the  failure  of  the  Chemung  rocks  and  fauna,  running  up  int 
shales  and  sandstones  of  the  Waverly  and  closing  with  cor 
glomerates.  The  more  eastern  sections,  after  the  Hami 
ton,  run  up  into  sandstones,  red  and  gray  shales,  sane 
stones  of  considerable  thickness,  and  conglomerates,  an 
present  no  trace  of  any  marine  fauna  intermediate  betwee 
the  Chemung  and  the  Carboniferous.  As  we  approach  th 
Ohio  border  going  westward  the  Chemung  fauna  also  fail* 
and  the  Waverly  follows  the  Hamilton  with  only  the  fauna  c 
the  black  shales  intervening. 

In  the  eastern  part  of  New  York,  Pennsylvania  and  soutl 
ward,  the  coarse  sands  and  conglomerates  with  red  and  eree 
shales,  prevail  after  the  Hamilton  stage,  reaching  a  thickne* 
of  6,000  or  7,000  feet,  and  then  the  Chemung  fauna  is  spars 
and  confined  to  the  lower  strata.     This  red  shale  and  sandston 
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type  is  called  the  "  Catakill  group  "  in  New  York,  the  "  Cadent 
series"  of  the  Pennsylvania  nomenclature.  In  the  eastern 
Appalachian  area  this  same  lithological  type  of  rocks  continues 
all  the  way  upward  to  the  coal  measures ;  green  and  red  shales, 
sandstones  and  conglomerates,  and  occasionally  thin  beds  of 
limestone,  but  with  no  trace  of  the  marine  faunas  which  char- 
acterize  the  interval  in  Ohio,  Indiana,  and,  particularly,  in  the 

I  interior  continental  area.  In  Pennsylvania  these  rocks  have 
been  called  "  Vespertine  Series,"  "  Umbral  Series,"  and  "  Send 
Conglomerates r  t)y  the  first  survey,  and  "  Pocono  Sandstone 
and  Conglomerate,"  "  Mauch  Chunck  Red  shale,"  and  "  Potts- 

j  ville  Conglomerate,"  by  the  second  survey,  and  in  central  and 
eastern  Pennsylvania  they  together  reach  a  maximum  thickness 
of  nearly  5,000  feet.  These  peculiarities,  however,  do  not  ex- 
tend westward  of  Pennsylvania  and  New  York.  Before  reach- 
ing that  line,  in  fact,  the  red  shales  have  nearly  disappeared 
from  the  total  section,  and  as  the  Chemung  fauna  disappears 
upward,  the  new  Waverly  fauna  comes  in,  but  only  in  the  bor- 
der regions  between  the  two  areas,  are  found  sections  in  which 
both  the  Chemung  and  the  higher  Waverly  faunas  appear.  This 
Waverly  fauna  is  a  transitional  fauna  and  is,  in  the  east,  gener- 
ally associated  with  the  higher  Sub-carboniferous  marine  faunas, 
and  in  sections  in  which  the  next  lower  fauna  is  that  of  the 
Hamilton  or  Middle  Devonian.  In  the  Eureka  faunas  described 
by  Mr.  Walcott,  representatives  of  it  are  found  in  the  upper 
Devonian  shales  ("  W  hite  Pine  Shales  ")  associated  with  traces 
of  the  upper  Devonian  faunas  of  the  east. 

The.  Central  Continental  Area. 

The  central  continental  area  is  typically  represented  in  Iowa, 
Illinois  and  Missouri,  and  reaches  into  Indiana,  Kentucky  and 
Tennessee,  and  possibly  far  north  into  British  America. 

Its  prevailing  characteristics  are  calcareous  shales  and  lime- 
stones, with  some  arenaceous  admixture  at  the  eastern  and  south- 
ern extremities,  terminating  in  black  shales,  and  rarely  exceeding 
two  or  three  hundred  feet  in  thickness.  On  the  north,  east 
and  southeast  borders  of  the  area  the  black  shale  termination 
is  a  conspicuous  feature,  but  in  the  more  central  portion,  in 
Iowa  ana  Missouri,  the  black  shale  is  either  entirely  wanting 
or  but  slightly  represented. 

In  Illinois  and  Indiana  the  black  shale  reaches  a  thickness  of 
one  hundred  feet  or  more,  and  is  immediately  followed  by  the 
ahales  and  limestone  of  the  Kinderhook,  or  Knobstone  group 
holding  a  fauna  closely  allied  with  that  of  the  Waverly  group 
of  Ohio.  East  of  the  Cincinnati  axis  the  black  shales  are  first 
&in ;  they  thicken  on  going  eastward,  and  distinctly  represent 
the  upper  Devonian  of  Western  New  York.     Including  all  that 
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is  now  rated  as  above  the  Hamilton  shales  and  below  the  Bed- 
ford shales  this  upper  Devonian  of  Eastern  Ohio  is  from  400  to 
2,000  feet  in  thickness,  thinning  westward  (See  Professor  Or- 
ton's  Preliminary  Report  on  Petroleum  and  Gas,  1887,  p.  26). 
When  we  reach  the  central  part  of  the  interior  area  we  find 
the  Devonian  represented  by  limestones  running  up  into  fine 
argillaceous  shales,  resting  on  upper  Silurian  limestones  which 
in  numerous  places  are  of  Niagara  age  and,  in  the  southern 
border  of  the  region,  are  more  or  less  siliceous,  and  hold  freak 
of  the  later  Silurian  timej  as  in  the  Delthyris  shales  of  Missouri 
which  are,  doubtless,  as  late  as  Lower  Ilelderberg  time.    Thk 
central  area  lacks  the  black  shale  and  runs  up  immediately  into 
Sub-carboniferous  limestones,  calcareous  shales  and  sandstones, 
and  the  total  representatives  of  the  Devonian  are  scarcely  200 
feet  thick. 

The  Western  Devonian  Area. 

I  take  the  Nevada  section  of  the  Eureka  district  as  typicil, 
since  this  ha6  been  carefully  developed  bv  the  labors  of  Hague 
and  Walcott.  (See  Walcott's  Monograph,  Paleontology  of  th 
Eureka  district,  U.  S.  Geol.  Survey,  1884). 

The  peculiarities  of  this  section  are  as  follows : 

Lying  unconformable7  upon  a  thick  6eries  of  limestone  beds; 
representing  the  Trenton  and,  at  the  top,  the  Niagara  of  eastern 
sections,  comes  the  Nevada  Limestone,  6,000  feet  thick,  ind» 
tinctly  bedded  and  siliceous  below,  and  becoming  massive  towud 
the  top  with  intercalated  beds  of  shale  and  quartzite.  Th» 
same  fauna  runs  from  bottom  to  top,  but  with  some  change  ii 
part  of  the  species.  In  the  lower  500  feet  the  fauna  is  d* 
tinctly  lower  Devonian,  and  in  the  terminal  500  feet  it  is* 
distinctly  allied  with  the  upper  Devonian  of  the  east.  -Through- 
out there  are  found  species  which  in  the  typical  eastern  sections 
are  restricted  to  particular  zones.  In  its  species  it  shows  do** 
relationship  with  the  Iowa  Devonian  than  with  the  moreeasteri 
faunas,  containing  two  species  (see  p.  265)  that  have  been  fomd 
far  to  the  north  in  the  Mackenzie  River  Basin,  i.  e.  Ortkii 
UcJFarlini  and  llliyiwhonella  mstanea,  (X.  07°  15'  long.  126° 
W.)  Overlying  this  limestone  is  the  White  Pine  Shale,  I 
black  shale,  estimated  at  2,000  feet  in  thickness,  running  into 
red  and  brownish  sandstones  and  arenaceous  shales,  with  some 
plant  remains  and  a  sparse  fragmentary  fauna  which  closely  re- 
sembles in  general  character  the  fauna  of  the  similar  upper 
Devonian  black  shales  of  the  eastern  continental  area. 

In  these  western  sections  there  is  a  remarkable  difference  ia 
the  range  and  habit  of  species.  "  Some  species,"  as  Mr  C.  D. 
Walcott  has  shown,  "have  reversed  their  relative  position  in  the 
group  as  they  have  been  known  heretofore,  and  others  have  I 
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greater  vertical  range."  (Pal.  of  the  Eureka  District  p.  4). 
Some  cases  mentioned  by  Mr.  Walcott  are  Orthis  Tulliensis  at 
the  top,  Orthis  impressa  at  the  base,  and  several  Corniferous 
corals  at  the  upper  horizon  (see  pp.  4  and  5,  etc). 

It  is  also  noticed  that  the  faunas  in  the  higher  shales  show 
combinations  of  Devonian  and  Carboniferous  types  (White 
Pine  Shales),  but  a  careful  study  of  the  species  reveals  the 
characteristic  changes  of  the  general  fauna  that  are  seen  in  the 
eastern  sections. 

For  instance,  the  new  type  of  Brachiopods  belonging  to  the 
genus  Producttis  (called  Productella  in  the  New  York  Re- 
ports) begins  in  this  western  section  with  certain  small  forms 
Sical  of  the  lower  and  middle  Devonian  of  the  east,  and  it  is 
y  in  the  upper  horizons  that  the  larger  Chemung  types  of 
Productu8  appear.  The  same  thing  is  seen  in  the  changes  in 
the  types  of  ISpirifera;  the  characteristic  upper  Devonian  &p. 
disjuncta  appears  only  in  the  upper  part  of  the  section  as  in  the 
east  The  peculiarities  of  this  western  section  in  its  Paleontol- 
ogy, are  most  readily  explained  by  the  assumption,  supported 
also  by  other  facts,  that  throughout  the  whole  age  the  deposits 
of  this  area  were  made  in  a  wide,  open  ocean,  with  islands, 
perhaps,  but  with  no  great  masses  of  land  to  disturb  the  general 
uniformity  of  the  conditions  of  life. 

The  central  area  was,  doubtless,  at  considerable  distance  from 
land  but  in  no  great  depth  of  depression.  The  eastern  conti- 
nental area  from  Michigan  around  through  Canada,  New  York 
and  down  the  Appalachians,  must  have  been  during  the  Devo- 
nian age,  near  enough  to  shores  for  the  faunas,  as  well  as  the 
nature  of  the  deposits,  to  be  affected  by  the  ocean  currents,  and 
to  feel  strongly  tne  effects  of  relatively  small  amounts  of  change 
of  level  between  land  and  water,  flere  the  faunas  are  both 
more  local  and  more  limited  in  geologic  range,  changing  more 
suddenly  and  fully  in  their  combinations  and  species.  The 
conditions  of  the  eastern  border  were  those  of  rough  and  tem- 
pestuous coasts. 

Conclusions. 

There  are  thus,  1st,  a  northeastern  border  area,  mainlv  com- 
P?8ed  of  coarse,  arenaceous  deposits,  thick,  and  with  little  to 
^tinguish  it  into  subordinate  zones. 

2d  An  eastern  continental  area,  with  sandstones,  limestones, 
^ales  and  conglomerates  alternating  with  each  other,  and  pre- 
^ting  a  rich  and  varied  series  of  faunas,  marking  a  consider- 
a"le  number  of  distinct  zones  which  follow  in  a  constant  order. 
3d.  A  central  continental  area,  mainly  limestone  and  soft 
^giUo-calcareous  shales,  and,  compared  with  the  more  eastern 
8e^tions,  very  thin,  and  presenting  a  fauna  which  represents  the 
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whole  eastern  Devonian  and  is  plainly  a  sequent  to  an  under- 
lying upper  Silurian  fauna.  It  is  followed  by  a  Carbonif- 
erous fauna  to  which  it  is  generically  closely  related,  and  about 
its  border  is  terminated  by  a  black  shale. 

4th.  A  western  area  represented  by  a  massive  thick  series 
of  limestones  followed  by  black  shales,  not  separated  into 
distinct  faunas,  but  carrying  a  common  fauna  snowing  bnt 
slight  change  from  bottom  to  top. 

With  all  these  great  contrasts  in  lithological,  stratigraphi- 
cal  and  paleontological  characters  the  evidence  is  satisfactory 
that  the  several  sections  are  representatives  of  the  same  geo- 
logical age;  that,  taken  as  wholes,  they  do  not  represent 
parts,  the  one  taking  the  place  of  an  interval  in  the  other,  bat 
they  cover  approximately  the  same  interval,  and  probably  rep- 
resent approximately  the  depositions  of  the  same  length  of 
geological  time. 

They  are  bound  together,  and  their  relationship  certified  to 
by  the  fossils  they  contain.  The  relationship  is  recognized 
in  the  combination  of  species  to  form  faunas  and  in  the  vari- 
etal modification  of  species,  as  well  as  in  the  identity  of  the 
species  themselves.  We  cannot  find  stronger  contrasts  acroa 
the  Atlantic  eastward  than  are  found  across  the  continent 
westward.  The  principles  which  *the  American  geologist  » 
required  to  apply  in  discussing  the  geology  of  his  own  do- 
main are  no  less  broad  than  those  which  the  International 
Congress  meets  with  when  it  attempts  to  unify  nomenclature 
for  all  the  world.  Wherever  unification  is  practicable  in  Amer- 
ica it  is  practicable  for  all  the  world,  and  where  America  find* 
unification  a  cumberance  it  is  useless  for  an  International  Con- 
gress to  attempt  it. 

What  is  there  in  the  Devonian  system,  as  represented  in 
North  America,  which  demands  uniformity  of  nomenclature, 
and  wherein  will  attempts  at  uniformity  in  nomenclature 
either  strain  or  misrepresent  the  facts  i 

1st.  It  is  perfectly  clear  to  a  paleontologist  studying  the 
faunas  and  floras,  that  the  system  under  consideration,  in  each 
of  the  so  dissimilar  types,  is  the  representative  of  the  Devonian 
system  of  Great  Britain,  Belgium,  Germany  and  Russia,  in  all 
the  central  features  of  its  marine  and  brackish  invertebrate, 
and  vertebrate  faunas,  and  in  its  floras.  That  the  name  Des- 
man, as  the  first  name  used,  should  be  applied  to  this  system 
of  rocks,  we  see  no  reason  for  dispute. 

2d.  In  all  the  sections,  in  so  far  as  they  exhibit  it,  the  order 
of  sequence  in  the  modification  of  faunas  is  the  same,  and  thfe 
sequence  as  presented  in  foreign  sections  is  found  to  follow 
the  same  order,  wherever  species  are  identical,  or  are  closely 
allied  varieties  of  the  same  type ;  their  place  of  dominance  in 
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series  is  the  same  for  each  section,  but  the  range  may 
r ;  in  one  area  6pecies  may  be  restricted  in  range ;  in  an- 
*r,  species  may  range  through  a  long  series  of  deposits.  In 
\t  words,  species  which  are  found  to  have  a  world-wide 
ribution,  although  in  one  area  they  may  be  restricted  to  a 
icular  stage  of  the  Devonian,  are  likely  to  have  a  long  geo- 
cal  range  in  other  areas,  not  less  than  from  bottom  to  top 
ome  complete  Devonian  sections.  But  a  particular  combi- 
on  of  species,  forming  a  characteristic  fauna  of  a  special 
;e  in  one  area,  occurs  at  the  6ame  relative  position  in  any 
ar  area  in  which  it  appears.  Such  faunas  are,  however, 
wily  more  or  less  local,  and,  as  far  as  the  Devonian  is  con- 
ied,  it  is  not  practicable  to  form  more  than  three  subdivi- 
is  of  the  Devonian  to  which  to  apply  universally  a  uniform 
is.  These  three,  in  their  general  typical  faunas,  can  be  rec- 
ized  (so  far  as  they  are  present)  in  the  different  areas  of 
leriea  and  Europe,  the  lower,  typicallv  seen  in  the  Cornifer- 
limestone  of  New  York ;  the  middle,  represented  in  the 
nilton  of  New  York ;  the  upper,  represented  in  the  Che- 
ng fauna  of  New  York. 

my  attempt  to  unify  in  the  finer  details  is  useless  for 
erica,  and,  of  course,  would  be  useless  if  attempted  for  all 
Qtries. 

d.  In  the  sections  of  America  alone  there  is  found  nothing 
lithological  composition  or  sequence  which  is  uniform  for 
several  areas. 

q  seeking  uniformity  of  nomenclature  the  study  of  the 
erican  Devonian  leads  to  the  following  conclusions  : 
L)  That  uniformity  is  desirable  in  the  names  and  prominent 
inctive  biological  characters  of  the  so-called  systems. 
I)  That  valuable  results  may  be  reached  by  a  discussion,  on 
part  of  those  acquainted  with  the  same  system  in  the  dif- 
mt  parts  of  the  world,  as  to  the  best  biological  criteria  for 
king  the  boundaries  of  the  systems. 

))  Tnat  while  uniformity  is  possible  in  subdividing  a  sys- 
into  parts,  the  number  of  such  parts,  and  the  characters 
inguishing  them,  must  be  determined  after  a  wide,  compre- 
sive  and  minute  study  of  their  biological  characters. 
:)  That  preliminary  work  in  classifying  rocks  should  not 
:  uniformity,  but  should  adopt  local  nomenclature,  and  that 
tenclature  based  upon  an  exhaustive  comparison  of  repre- 
ative  sections  can  alone  reach  a  uniformity  that  will  be  of 
aanent  value. 
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Art.  V. — On  the  law  of  Dovble  Refraction  in  Iceland  Spa 

by  Charles  S.  Hastings. 

The  law  of  double  refraction  in  uniaxial  crystals,  firet  d 
covered  by  Huyghens,  was  supposed  for  a  time  to  be  defi 
tively  established  by  Fresnel's  deriving  it  from  principles 
molecular  mechanics.  It  was  soon  recognized,  however,  th 
a  fundamental  hypothesis  in  his  reasoning  does  not  bear  cril 
cal  inspection ;  namely,  that  the  elastic  forces  brought  im 
plav  by  distortions  due  to  the  passage  of  waves  are  the  san 
m  Kind  as  those  produced  by  the  displacement  of  a  single  pa 
tide.  In  short,  Fresnel  assumed  that  the  velocity  of  a  hgl 
wave  is  independent  of  the  direction  of  propagation  and  d 
pends  only  upon  the  direction  of  vibration.^  There  have  bee 
many  notable  efforts  to  get  rid  of  this  diflroulty  in  the  theoi 
of  double  refraction  by  a  general  treatment.  Cauchy,  Mi 
Cullagh,  Neumann  and  Green  are  those  whose  names  are  mo 
closely  connected  with  the  interesting  history  of  investigatio 
in  this  field  of  mathematical  physics.  All  of  these  investig 
tions  have  the  feature  in  common,  that  the  natural  interpret 
tion  of  the  equations  makes  the  direction  of  vibration  in  plan 
polarized  light  lie  in  the  plane  of  polarization.  To  adapt  th 
solutions  to  the  contrary  assumption,  whiclfTfe  almost  certain! 
the  only  one  which  can  be  reconciled  to  the  known  phenomeu 
of  optics,  requires  the  most  artificial  restrictions  in  the  reh 
tions  of  the  constants  involved.  By  such  forced  interpret 
tions  of  formulas  having  a  large  number  of  constants,  it  i 

{)ossible  to  derive  a  law  for  double  refraction,  even  in  I<* 
and  spar,  which  does  not  differ  from  Huyghens's  construi 
tion  by  an  amount  discoverable  by  observation ;  but  an  agra 
ment  between  observation  and  theory  extorted  in  this  way  cai 
not  be  regarded  as  satisfactory. 

Intimately  bound  up  with  this  question  of  double  refrat 
tion  is  the  question  as  to  whether  the  differing  velocities  ( 
light  in  vacuum  and  in  a  dense  medium  are  due  to  difierin 
densities  or  differing  rigidities.  Of  these  two  views,  equal! 
probable  a  priori,  only  the  first  can  possibly  be  brought  in 
agreement  with  the  observed  phenomena  of  reflection.  B' 
in  the  case  of  a  velocity  of  propagation  dependent  on  the  ( 
rection  of  wave -motion,  which  is  the  case  of  double  refrai 
ing  media,  the  difficulty  is  to  conceive  of  a  density  as  depende 
upon  direction.  Kankine  made  the  ingenious  suggestion  tl 
this  difficulty  might  be  avoided  by  assuming  that  the  mo 
cules  of  a  crystalline  solid  move  in  a  frictionless  fluid,  a 
thus  that  their  effective  masses  might  depend  upon  the  dir 
tion  of  motion.     The  special  interest  of  this  view  from  < 
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point  is  that  it  led  Stokes  to  the  first  careful  investigation 
\  accuracy  of  Huyghens's  construction.* 
these  investigations  Professor  Stokes  found  that  the  error 
b  construction  could  hardly  exceed  a  unit  in  the  fourth 
of  decimals,  which  was  quite  sufficient  to  disprove  Ran- 
\  hypothesis.  This  study,  the  details  of  whicn  have  not 
published,  remains  unexcelled  to  the  present  time ;  for  the 
tigations  since  made  by  Abria,  Glazebrook  and  Kohl- 
h,  whether  by  the  prism  method  or  by  total  reflection,  do 
resent  a  closer  accordance  between  theory  and  observa- 
The  results  of  earlier  observers,  cited  in  most  treatises 
>uble  refraction,  are  all  of  quite  inferior  accuracy, 
all  these  investigations,  Glazebrook's,  given  in  the  Trans. 
Soc,  vol.  clxxi,  1 880,  is  the  most  extensive.  His  method 
to  measure  the  deviations  produced  by  four  different 
is,  so  cnt  from  the  same  piece  of  Iceland  spar  that  the  di- 
ms of  the  propagation  of  the  light  varied  from  an  angle 
3°  to  +  94°  to  the  crystalline  axis,  the  relation  of  this 
for  each  prism  to  its  faces  being  determined  by  reference 
anes  of  cleavage.  The  observations  were  made  with  con- 
able  accuracy,  indicating  a  probable  error  in  the  deduced 
es  of  refraction  considerably  less  than  fifty  units  in  the 
place  of  decimals.  The  reductions,  however,  show  a  sys- 
hc  deviation  from  Huyghens's  construction,  varying  from 
:o  200  in  the  sixth  decimal  in  the  three  hydrogen  lines  ob- 
>d — the  wave-surface  for  the  more  refrangible  ray  deviat- 
most  widely.  This  result  would  be  of  great  theoretical 
est  if  the  values  derived  from  observation  were  not 
ted  by  an  important  oversight  in  the  details  of  the  experi- 
;,  which  the  author  himself  points*  out.  In  view  of  this 
te  of  error  the  conclusion  trom  the  investigation  is,  that 
ghens's  construction  is  true  within  the  limit  of  error  of 
j  observations 

•iefly,  then,  the  state  of  the  case  is  this.  The  law  of  double 
ction  in  Iceland  spar  as  given  by  Huyghens  is  known  to 
rue  to  within  about  one  part  in  ten  thousand,  but  no  rea- 
dependent  on  the  theories  of  elasticity,  can  be  assigned 
it  should  be  as  accurate  as  this,  or  how  much  more  ac- 
;e  we  may  expect  to  find  it.  The  labor  of  testing  the  law 
le  last  degree  of  refinement  possible  with  modern  instru- 
ial  means  seems  well  worth  while ;  for,  except  its  sim- 
ty,  there  is  no  reason  in  the  world  why  it  should  not  break 
i  just  at  the  limit  assigned  by  Stokes's  observations.  I  am 
i  willing  to  admit,  also,  that  the  systematic  deviations  of 
3brook's  observations,  so  near  the  limit  of  magnitude  set 


oceedings  of  the  Royal  Society,  June,  1872 ;  quoted  brJ9tt  Wm.  Thomson 
Baltimore  Lectures,  p.  273. 
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by  Stokes,  and  so  difficult  to  explain  by  any  plausible  hypothe- 
sis as  to  their  cause,  suggested  a  not  too  remote  probability 
that  they  indicated  a  physical  reality. 

With  these  ends  in  view,  all  methods  except  those  based  upon 
prismatic  refraction  were  practically  excluded.     Again,  since  it 
is  impossible  to  get  cleavage  faces  which  admit  of  very  accurate 
determinations  of  their  angles  of  inclination,  e.  g.,  to  within  t 
second  of  arc,  it  seemed  necessary  to  arrange  the  experiment  eo 
as  to  be  independent  of  such  accurate  determinations.    The 
method  chosen,  then,  was  to  measure  the  various  angles  in- 
volved in  an  equilateral  prism  of  Iceland  spar  in  which  one 
face  was  normal  to  the  crystalline  axis,  the  other  two  as  nearij 
equally  inclined  to  the  axis  -as  possible,  and  all  three  refracting 
edges  as  perfectly  at  right  angles  to  the  axis  as  practicable. 
Such  a  prism  restricts  the  range  of  wave  velocities  which  em 
be  observed,  but  on  the  other  hand,  it  enables  us  to  find  the 
direction  of  the  crystalline  axis  from  the  observations  them- 
selves by  mere  considerations  of  symmetry,  wholly  independ- 
ently of  all  assumptions  of  the  law  of  double  refraction. 

(2)  Description  of  Prism. 

Since  the  accuracy  of  a  determination  of  a  refractive  indei 
depends  largely  on  the  character  of  the  prism  used,  and  espe- 
cially in  this  case  of  extraordinary  refraction,  it  may  be  wortk 
while  to  describe  the  method  employed  to  secure  satisfactory 
results. 

After  selecting  a  good  block  of  spar,  a  wooden  model  of  the 
largest  prism  of  desired  orientation  which  could  be  obtained 
from   the  block  was  made.     As  this  model  represented  the 
cleavage  faces  as  well  as  the  prism  faces,  it  served  as  a  guide 
as  to  how  far  any  process  of  grinding  should  be  carried.    One 
of  the  obtuse  triliedral  angles  was  ground  down,  so  that  when 
the  block  rested  upon  this  ground  surface  under  a  fixed  let 
escope  nearly  perpendicular  to  it,  the  imageB  of  a  distant  object 
reflected  by  the  three  opposite  cleavage  faces  could  be  brought 
to  the  crosswires  of  the  telescope  by  merely  rotating  the  block 
on  the  ground  surface.     This  admitted  of  securing  a  face,  P 
in  the  accompanying  figure,  very  nearly  perpendicular  to  the 
crystalline  axis.     The  limit  of  accuracy  was  restricted  only  by 
the  character  of  the  reflection  from  the  cleavage  faces.    The 
size  of   the  face  was  determined  by  reference  to  the  modeL 
The  next  step  was  the  formation  of  the  surface,  dbefg  of  the 
figure,  to  serve  as  a  base  for  the  prism  and  a  rough  guide  foi 
the  other  two  faces  of  the  prism.     It  was  ground  perpendicular 
to  P,  and,  by  a  process   similar  to  that   used  in  fixing  the 
direction  of  P,  equally  inclined  to  the  cleavage  planes  abQ 
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\  hcQ.  Then  R  was  ground  so  that  it  made  equal  angles 
th  the  cleavage  surfaces  abQ  and  adgy  and  an  angle  of 
0  with  P.  As  it  was  desirable  to  make  this  last  angle  tol- 
ibly  accurate  in  order  to  eliminate 
errors  of  the  circle  in  a  determi* 
tion  of  the  refracting  angle,  or,  in 
her  words,  so  that  a  repetition  of  the 
gle  three  times  would  bring  the  cir- 
&  back  to  the  same  position  within 
ie  range  of  the  reading  microscopes, 
le  surface  P  was  polished  snffi- 
entlv  to  yield  a  good  reflection, 
id  then  the  angle  at  b  was  adjusted 
Qtil  it  was  equal  to  that  of  a  glass 
asm  known  to  be  accurately  60°.  Q 
is  determined  in  a  precisely  similar  way.  The  three  surfaces 
ere  then  polished  to  as  close  approximations  to  planes  as  pos- 
ble.  In  this  process  most  interesting  differences  in  the  phys- 
al  properties  of  the  surfaces  were  found,  as  might  have  been 
cpected.  R  worked  almost  as  readily  as  glass,  except  that  its 
jparture  from  flatness  tended  toward  cylindrical  surfaces  in- 
ead  of  spherical.  It  was  not  difficult  to  make  P  flat,  but  the 
ightest  carelessness  in  handling  would  produce  tetrahedral 
ts  in  it.  The  surface  Q,  being  inclined  only  15°  to  the  di- 
ction  of  cleavage,  gave  by  far  the  most  trouble,  because  it 
d  not  seem  possible  to  get  it  very  smooth  by  grinding.  After 
urying  this  process  to  its  limit  of  accuracy,  determined  more, 
shaps,  by  the  extraordinary  thermal  properties  of  the  material, 
ian  by  purely  technical  difficulties  in  working,  the  faces  were 
it  away  until  only  circular  areas  were  left  on  the  three  prism 
ces.  These  round  faces  were  then  modified,  by  methods 
hich  would  only  have  an  interest  for  the  practical  optician, 
itil  they  were  optically  flat ;  that  is,  until  their  departures 
om  their  average  planes  was  not  more  than  a  tenth  of  a  wave- 
ngth  of  light  The  test  of  flatness  was  the  colors  produced 
ben  white  light  was  reflected  nearly  normally  from  the  sur- 
oe  brought  closely  in  contact  with  a  surface  of  glass  known 
be  plane.  The  diameters  of  the  surfaces,  in  order  of  letter- 
g,  were : 

2*8  cm.,  2a8  cm.  and  2.6  cm. 

(3)  Spectrometer. 

The  instrument  with  which  the  measures  of  the  various  an- 
te were  made  has  some  features  peculiar  to  it.  The  circle  is 
glass,  8  inches  in  diameter,  and  divided  to  single  degrees, 
sept  in  the  case  of  the  first  degree,  and  three  others  sepMfl^ 
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from  it  and  each  other  by  quadrants,  which  are  subdivided  to 
tenths  of  a  degree.  The  observing  telescope  may  be  moved 
independently  or  clamped  to  the  circle;  it  is  checked  in  its 
rotation  only  by  the  collimating  telescope.  It  is  obvious  that 
by  this  construction  it  is  always  possible  to  measure  an  angle  so 
that  one  end  of  the  arc  shall  be  at  a  degree  mark  and  the  other 
end  fall  within  a  subdivided  degree ;  hence  both  ends  of  the 
arc  are  within  the  range  of  the  reading  microscopes.  The  l 
great  and  manifest  advantage  of  this  construction  is  tnat  eveiy 
angle  can  be  accurately  measured  after  determining  the  abso- 
lute place  of  only  396  lines  or  198  diametera 

The  reading  microscopes  have  micrometer  screws  of  80 
threads  to  the  inch,  with  heads  divided  into  100  parte,  one  rev- 
olution of  the  screw  being  equal  to  one  minute  of  arc,  The 
magnifying  power  is  220  diameters,  doubtless  unnecessarily 
high,  but  not  found  inconvenient,  and  a  much  lower  power 
would  have  necessitated  a  notable  change  in  the  design,  either 
finer  micrometer  screws  or  longer  microscopes  witli  correspond- 
ingly higher  table  and  telescope  carrier.  The  probable  error 
of  a  single  setting  of  the  microscope  was  found  to  be  less  than 
0"#3,  or  less  than  half  a  division  of  the  micrometer  head. 

The  errors  of  the  circle  were  determined  bv  means  of  two 
auxiliary  microscopes  clamped  to  the  base-plate  of  the  instru- 
ment at  opposite  sides.     IJy  bisections  and  trisections  the  at>- 
solute  position  was  determined  of  each  diameter  at  multiples  o*£ 
5°  from  the  initial  diameter,  to  within  a  probable  error  of  le^a 
than  1".     As  practically  every  such  interval  was  involved  ix3 
the   observations   several   times,    equations  of  condition  wer^^e 
formed  as  checks  upon  the  results ;  if  a  discrepancy  as  great  c^s 
1"  was  found  the  intervals  were  re-measured.     A  determinates  ^ 
of  any  angle  was  thus  reduced  to  a  maximum  of  five  repetr  -i 
tions,  whence  the  true  angle  could  be  found,  and,  incidentally 
the  corrections  of  four  other  arcs.     As  an  illustration  of  ttr: 
precision  of  the  method,  I  mav  state  that  in  the  only  case  whe 
a  suspicion  of  the  accepted  value  led  to  a  complete  redetenn — ^ 
nation   of  all   the  constants  involved,  the  correction  dedu 
differed  only  0"'l  from  the  former  one.     The  origin  of 
suspicion  was  afterwards  found  to  be  a  false  temperature  cc 
rection.     This  determination  of  the  errors  of  the  circle  wast' 
most  laborious  part  of  the  whole  investigation. 


(4)  Angles  of  prism. 


i 


The  angles  measured  were  those  between  the  normals  to  t 
faces  P  and  Q,  Q  and  li,  Ii  and  1\  which  were  made  with  ^^ 
attainable  accuracy  ;  those  between  the  normal  to  P,  and  t-^?1 
normals  to  its  three  adjacent  cleavage  faces ;  the  normal  an^~*6 
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tween  H  and  the  narrow  cleavage  face  at  b ;  and  finally. 
e  normal  angles  between  the  cleavage  faces  a b  Q  and  bcQ 
jpectively.  The  precision  of  all  the  measures  involving  re- 
ction  from  a  surface  of  cleavage  is  of  course  mnch  inferior 
those  made  upon  the  polished  surfaces.  The  first  group 
res  the  refracting  angles,  and  the  others  only  serve  to  deter- 
ne  the  direction  of  the  crystalline  axis,  a  datum  not  used  in 
e  final  reduction  but  useful  as  a  check  on  the  work. 
The  general  method  of  determining  these  angles  was  as  f  ol- 
w% :  The  telescope  replaced  the  fixed  collimator  which  was 
moved.  By  means  of  a  plate  of  plane  parallel  glass  and  a 
•an  collimating  eyepiece*  the  axis  of  the  telescope  was  ren- 
ted strictly  perpendicular  to  the  axis  of  rotation  of  the 
strument.  The  focal  adjustment  of  the  telescope  could  be 
ade  at  the  same  time  with  great  precision :  magnifying  power 
)ed,  twenty  diameters.  Following  this  adjustment  the  glass 
itte  was  replaced  by  the  prism,  which  was  so  adjusted  that 
le  line  of  collimation  fell  close  to  the  center  of  each  face  when 
1  position  for  observation.  That  this  condition,  a  most  im- 
portant one,  was  fulfilled,  was  determined  by  removing  the 
xmlar  and  looking  at  the  prism  through  the  telescope  tube. 


Table  I. — Angles  of  prism  = 

z  o  =  60. 

PQ 

PR 

QR 

Obs. 

t 
172 

Red. 

Obs. 

t 

Red. 

Obs. 

t 

.     Red. 

+1'-J05 

+ 1'-285 

-2'516 

17-0 

-2'519 

+ 1' 330 

16-5 

+ 1'-303 

•242 

171 

•280 

•492 

17-0 

•519 

•298 

16-5 

•303 

•273 

170 

■276 

•521 

17*0 

•519 

•254 

166 

•293 

•407 

19  8 

•421 

•521 

1965 

•394 

•067 

19-2 

•046 

•421 

200 

•412 

[•652] 

19-65 

*  •  *  * 

1141 

1925 

041 

•432 

200 

•412 

•418 

19-75 

•384 

0*908 

19*55 

1-013 

•391 

200 

•412 

•350 

20-7 

•338 

•895 

210 

0-876 

•469  201 

•417 

•315 

210 

•323 

•883 

21  0 

•875 

•453  ^200 

•412 

•225 

21-5 

•299 

•858 

216 

•828 

'390  120  0 

•412 

•235 

21*3 

•308 

•836 

21-1 

•866 

4T5 

201 

•417 

•350 

211 

•318 

•842 

21-1 

•866 

•514 

20*1 

•417 

•354 

21-1 

•318 

•873 

212 

•866 

•470 

21-0 

•457 

•306 

21-2 

•313 

741 

225 

•732 

•484  ,21-2 

•466 

•231 

20-8 

•333 

•703 

226 

•723 

•481   21 1 

•462 

•242 

22-9 

•230 

+  0695 

22-8 

+  0-704 

•453  21-7 

-489 

•247 

23  0 

•225  i 

•427   21'7 

•489 

;-2  -247 

230 

-2  -225  i 

•478  216 

•485 

i 

•519  21-6 

•485 

•445   21-6 

•485 

i 

"435  ,21-8 

•494 

i 

•511  ,230 

•548 

•511  ,23-0 

•548 

. 

+  1-528 

:230 

+ 1  -548 

i 
i 

*  This  is  described  in  the  paper  »■  On  the  influence  of  temperature  on  the  opti- 
cal constants  of  glass."     This  Jour.,  Ill,  vol.  xv,  p.  27 1. 

**-Joub.Sci.— Third  Series,  Vol.  XXXV,  No.  205.— Jan.,  1888. 
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In  the  case  of  the  prism  angles  each  was  repeated  three 
times,  whence,  since  they  were  all  quite  close  to  60°,  not  only 
were  all  errors  of  graduation  eliminated,  bnt  the  absolute  values 
of  the  instrumental  arcs  120°  and  240°  determined  with  great 
accuracy.  The  influence  of  temperature  on  the  magnitudes  of 
the  angles  becomes  evident  even  in  comparatively  rude  observa- 
tions. Table  I  gives  all  the  measures  of  these  angles.  Of 
course  the  angles  given  are  the  supplements  of  those  directly 
observed ;  they  are  also  corrected  for  circle  errors.  Following 
the  column  containing  the  observed  angle  is  given  the  temper- 
ature of  the  prism,  and  then  the  value  reduced  to  a  tempera- 
ture of  20°  C.  The  method  by  which  the  last  column  was  cal- 
culated will  be  given  farther  on. 

The  observation  of  PR  enclosed  in  brackets  is  rejected. 
Two  or  three  others  might  have  been  rejected  without  chang- 
ing the  results  except  to  give  them  smaller  probable  errors. 

In  order  to  find  the  values  of  the  angles  a  standard  tempera- 
ture (20°  C.)  was  chosen  as  the  standard,  observation  equations 
of  the  form 

Mzzm  +  n  (t— 20), 

whence  normal  equations  of  the  form 

2a\  m+2a0.  n-2a.  M=0, 
2<*(1.  m+2(l\  n  -  20.  M  =0, 

gave  the  means  of  finding  m  and  n.    The  values  of  the  coeffi- 
cients of  the  normal  equations  are  as  follows  : 

Za8  2a/?  Z/3*  2aM  2/?.  if 

PQ  24  13V  72-67  34514  22-647 

PR  16  7'9  64-6  —  37'570  -15-588 

QR  15  2-4  66-42  14*324  —   3*980 

The  observed  values  of  a  from  these  equations  are : 

For  PQ  60°  1'.  412±0'-006+0'-0454  (t— 20°) 
PR  59  57'.  628±0''009+0'-0489  (f_ 20°) 
QR         60      0'.  970=fc.0'-008— 0''0950  (*— 20°) 

The  probable  errors  of  a  single  observation  of  an  angle  wer» 
found  to  be  0''028,  0'  035  and  0'-032,  respectively,  and  th« 
probable  errors  of  the  coefficients  of  the  terms  containing  th« 
temperature  0'-0035,  0-0045  and  0'-0039,  respectively.  Tho 
probable  error  of  V  for  a  single  observation  seems  large,  con- 
sidering the  refinement  of  the  method  used,  and  indeed  it 
would  be  for  a  glass  prism  ;  but  regarding  the  enormous  change 
from  temperature  and  the  extreme  difficulty  of  determining? 
that  of  the  prism,  it  must,  I  think,  be  regarded  as  satisfactory  - 

These  constants  derived  directly  from  observation  are  subject 
to   certain  geometrical   conditions  which  will   modify  thei 
very  slightly  and  reduce  the  probable  errors.     As  it 


C.  &  Hastings — Double  Ref  Taction  in  Iceland  Spar.    67 

bund,  in  the  course  of  the  observations,  that  the  normal  to 
my  one  face  is  inclined  only  12"  to  the  plane  fixed  by  the 
rtner  two  normals,  we  have — 

2a  =180° 
nx  +  n%  =  —  nt. 

Bat  as  observed, 

2a  =  180°  0'-010±  0'-013. 
nx+n%=i  —  nt  +  0'-0007  ±  0'006. 

Adjusting  the  observed  values  in  accordance  with  the  equa- 
tions of  condition  we  have  finally  : 

ctpQ  =  60°  1'  24' -59  ±  0'-29. 
aPR  =  59°  5V'  37' 42  ±  0'-43. 
a^  —  60°     0'  57''98  ±  0''39. 

nt  =  —  5'-68±0'-]9. 

The  value  of  nt  enables  us  to  find  at  once  the  difference 
in  the  principal  coefficients  of  thermal  expansion,  as  well  as  the 
variations  of  the  angles  of  the  rhombohedron.  By  an  obvious 
relation,  if  ax  and  a%  are  the  coefficients  in  the  axial  direction  and 
at  right  angles  to  it  respectively,  we  deduce 

al^at  =  10-«(81-±  1-). 

Hie  best  value  known  is  that  of  Fizeau,  which  is 

10"6(316). 

But  the  relations  of  immediate  value  to  us  are  those  of  the 
temperature  variations  of  the  angles  between  the  normals  of  P 
told  an  adjacent  cleavage  face,  of  R  and  the  cleavage  face  b9 
Hid  of  the  two  faces  a  b  Q  and  b  c  Q.  They  are,  in  tne  order 
Earned,  if  #  is  the  measured  angle 

=  —  0''103. 
=  -  0'-085. 

(5)  Position  of  crystalline  axis. 

The  measures  upon  which  this  constant  depends  are  subject 
0  large  errors  on  account  of  the  imperfect  reflections  from  the 
leavage  faces,  especially  from  the  edge  6,  which  is  only  l™** 
ride  and  gives  two  images.  The  values  given  below  are  re- 
uced  to  a  temperature  of  20°  C. 

Angle. 

Tb  =44°  39'-12±0'50. 

P(abQ)  =r  44°  36'-57  ±  0*045. 

¥(<tdy)  =  44°  37''05  ±  0- 1 20. 

R£  =  75°  25'-  0<>:fc  0-160. 

(abQ)  (bcQ)  =  105°    4'88. 
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Of  these  the  first  and  fourth,  giving  them  equal  weighfe 
yield 

Fb  =  44°  38'-26 

which,  with  the  second  and  third,  give 

44°  37'-29 

as  the  angle  between  the  crystalline  axis  and  the  normal  to  a 
cleavage  plana     The  last  of  the  measured  angles  implies 

446  36'-70 

for  the  angle  between  the  axis  and  the  normal  to  a  clea 
face.  This  value,  however,  rests  upon  two  observations 
and  cannot  therefore  be  regarded  as  of  great  weight 
may,  perhaps,  attribute  to  it  a  weight  \  that  of  the  value  dfr 
rived  from  the  other  measures,  whence  the  accepted  value 
becomes 

44°  37'-19. 

This  value  gives,  for  the  direction  of  the  axis  drawn  from  P 
inward,  an  inclination 

5=1'  4'-l 

from  the  normal  to  P  towards  Q,  and 

7  =  0'  12", 

i.  e.,  12"  below  the  refracting  plane  of  the  prism  QR ;  they 
can  hardly  be  in  error  as  much  as  15". 

It  is  perhaps  worth  noting  that  the  accepted  value  44°  37'lt 
gives  105°  5' 07  for  the  dihedral  obtuse  angle  of  the  rhombo- 
hedron  at  20°  C,  which  is  practically  the  value  accepted  by 
mineralogists. 

(6)  Angles  of  deviation. 

Minimum  angles  of  deviation  were  determined  in  each  case; 
there  are  thus  two  angles  for   each   prism-angle.     The  line 

f)ointed  upon  was  the  more  refrangible  component  of  the  D 
ine  of  the  solar  spectrum,  except  in  the  case  of  the  extraor- 
dinary image  by  the  faces  Q  R,  of  which  the  dispersion  wa§ 
too  small  to  admit  of  easy  separation,  and,  by  mistake,  in  four 
pointings  on  the  double  deviations  for  the  ordinary  image  by 
the  same  refracting  angle  when  T>1  was  observed  on  one  side. 
Care  was  taken  to  adjust  the  collimator,  telescope  and  prism, 
so  that  the  axial  ray  passed  through  the  center  of  the  prism  in 
both  positions  for  minimum  deviation,  i.  e.,  right  and  left 
The  lines  of  collimation  were  made  at  right  angles  to  the 
axis  "of  the  circle  and  to  the  refracting  faces  by  means  of  the 
plane  glass  plate  and  the  collimating  eyepiece.  For  observing 
the  spectrum  a  magnifying  power  of  31  was  employed.     Table 
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contains  all  the  measures  for  the  ordinary  raj,  then  the  tem- 
rature  (t),  the  barometric  height  (Bar.),  and  the  angle  cor- 
;ted  to  30  inches  barometric  height.  In  the  table,  the  mis- 
tes  mentioned,  and  which  were  confined  to  the  four  preced- 
-  the  last,  are  corrected  by  adding  0'"285,  the  measured  dia- 
ice  between  D,  and  Dr 

Cabls  IL— Double  angles  of  deviation  for  ordinary  ray  2>,. 
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The  observations  for  PR  and  QR  were  reduced  by  forin- 

5  observation  equations  of  the  type 

M  =  m+n(f—  20). 

d,  the  temperature  correction  for  PQ  being  assumed  as  the 

ne  as  that  for  PR,  the  reduced  values  for  A  are,  for 
PQ         52°  4'         10'-20  ±  0'-54+6'-72((-  20) 

PR         51°         68'         1 1'-62  ±  0'-18+6  '72{'-20) 
QR        52°  8'         26''10±0'-30— 7''l7('-20) 
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Table  III  gives  the  double  angles  of  deviation  as  measured 
for  the  extraordinary  ray  for  each  refracting  angle.  As  im 
already  been  stated,  the  deviation  is  that  belonging  to  D„  ex- 
cept in  the  case  of  the  edge  QR,  where,  on  account  of  the 
small  dispersion,  the  sodium  line  was  set  upon  as  a  single  line. 

As  before,  the  observations  enclosed  in  brackets  are  rejected 
These  were  reduced  in  quite  the  same  way  as  were  the  derkr 
tions  for  the  ordinary  ray,  with  the  following  resulting  valm 
for  Je : 

PQ         47°  3'         58jr-2«S±0jr-39+3t-60(f-20°) 

PR         46*         58'         45'-69±0'-24+8'-60(t-20o) 
QR        36°  1'         39'-2 1=1=0' -21 -]*'58(t—  2(r) 

In  order  to  reduce  the  angle  of  deviation  for  QR  to  what  ft 
should  be  for  D„  the  angular  distance  between  Dl  and  D,  for 

the  ordinary  ray  was  determined,  and  half  its  product  by  -tt 

for  this  region  of  the  spectrum,  was  taken  as  an  additive  cor- 
rection. The  value  oi  the  correction  was  found  to  be  3f,8S, 
whence  the  deviation  for  the  extraordinary  ray  Dt  for  QB  be* 
comes 

36°         1'         43'-06±0'-21 

(7)  Principal  indices  of  refraction. 

The  crystalline  axis  has  been  found  to  make  an  angle  of  lei 
than  V  with  the  plane  bisecting  the  refracting  angle  QB; 
hence  we  may  apply  the  ordinary  formula  connecting  the  indei 
of  refraction  with  the  angles  of  minimum  deviation  and  refrac- 
tion, namely, 

sin  __■__ 
2 
/*= 


a 

sin    — 

2 


The  resulting  indices  will  be  the  principal  indices  for  calciteit 
a  temperature  of  20°  C. 

forPQ  l-658393±2 
PR  l'658387=i=2 
QR         1*658387=1=2 


1 '658389=1=1 '2 

The  single  value  of  fit  is 

1-486450=1=1 '4 

(8)    Test  of  Iluyghenfs  Law, 

We  are  now  in  a  position  to  test  the  law  of  extraordinary 
refraction  from  the  principal   indices  of  refraction  and  the 
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beerved  extraordinary  deviations  by  the  refracting  angles  PQ 
od  PR.    First,  we  have  the  well  known  law, 

co8*B       sin'S 
+ 


[1-1* C081 


o  Me 

rhere  fi0  and  fie  are  the  reciprocals  of  the  principal  wave  ve- 

xrities  as  before,  and  y!  t  is  the  reciprocal  of  the  velocity  of  the 

xtraordinary  wave  whose  normal  makes  an  angle  #  with  the 
ryBtallme  axis.     This  enables  us  to  compute  /*'„  knowing  #. 

tecond,  we  have  the  series  of  relations  given  by  Professor 
Itokes  (British  Association  Report,  1862), 

,  __  s\nq>  __  sin^ 

^c~~  sin^/  ~~  sin^?' 

rhere  <p  iff  are  the  angles  of  incidence  and  emergence  respec- 
ivelv,  and  <p'  <p'  the  angles  which  the  wave  normal  makes  with 
he  faces  of  the  prism  within  it.  These  relations  enable  us  to 
lerive  a  value  for  fi'e  from  the  observations,  perfectly  independ- 
ently of  any  assumption  as  to  the  law  of  double  refraction  if 
ire  Know  either  tp  or  (p.  They  afford  a  much  readier  test  than 
ihat  of  calculating  the  deviations  for  an  assumed  law. 

We  do  not,  it  is  true,  know  the  values  of  <p  for  the  extra- 
ordinary refractions  by  PQ  and  PR,  but  as  the  prism  was 
ilways  set  for  minimum  deviation  it  is  easy  to  find  these 
values,  either  by  taking  advantage  of  the  fact  that  Huyghens's 
aw  is  already  known  to  be  nearly  true,  whence  the  angle  of 
ncidence  for  minimum  deviation  can  be  calculated,  or,  more 
amply,  from  the  relation 

sin<p  sin# 

%\ncp'      sin^'1 

nd  the  two  purely  geometrical  equations  which  follow  this 
^nation  above. 

It  is  found  by  trial  that  for  PQ,  the  light  being  incident  on 

the  value  of  <p  which  satisfies  the  condition  is  50°  25',  and 

t  PR  and  incidence  on  R,  the  value  of  <p  is  50°  21'.     A 

lall  change  in  these  angles  does  not  alter  the  difference 

it  ween   the  observed  and   calculated   values  of  fi'„  which 

x>rds  the  test  of  the  law. 

The  substitution  of  these  values  in  the  equation  of  Stokes 

pes — 

M'e 
PQ  1-6061  Hi  J -6 

PR  ]-606103±l-6 
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It  remains  to  calculate  the  values  of  {it  from  HuyghenA 
theory  from  the  known  values  of  c'  or  6'  and  the  assomd 
direction  of  the  crystalline  axis  denned  by  £  above,  since* 
is  s-i  small  that  it  can  be  regarded  as  zero.  The  measured 
value  of  £  is  1'  4"  with  a  considerable  uncertainty,  but  I  find 
that  a  value  of  1'  ♦>"  will  make  the  differences  between  oh» 
vation  and  theorv  svmmetricaL     With  this  value  we  have 


c# 

/i'€  [calc] 

PQ 

31» 

19' 

45' 

•68 

l-60610«±la8 

Pit 

31 

19 

58 

•34 

1-606099±1*8 

where  the  probable  errors  are  calculated  without  disregarding 
the  fact  that  we  liave  imposed  the  arbitrary  condition  that  the 
differences  shall  be  symmetrical. 

The  difference  between  a  measured  index  of  refraction  ii 
Iceland  spar  at  an  angle  of  30°  with  the  crystalline  axis,  ud 
the  index  calculated  from  Huyghens',6  law  and  the  measured  | 
principal  indices  of  refraction,  thus  appears  to  be  4*5  units  in  ' 
the  sixth  place  decimals,  while,  assuming  the  truth  of  the  lit 
we  ought  to  expect,  from  the  probable  errors  of  the  quantities 
involved,  a  difference  of  ±2*4,  only  about  half  as  great  There 
is,  however,  one  source  of  constant  error  in  the  observations 
which  has  not  been  alluded  to,  namely,  the  fact  that  the 
temperatures  of  the  prism  were  measured  by  a  different 
thermometer  in  the  case  of  the  angles  of  the  prism  and 
the  angles  of  deviation.  In  the  former  a  rather  insena 
tive  thermometer  divided  to  single  degrees  and  estimated 
to  tenths  was  used,  and  in  the  latter  a  vfery  sensitm 
thermometer  divided  to  half-degrees.  By  reference  to  m; 
notes  I  tind  that  the  two  systems  of  temperatures  ar 
connected  only  by  an  eye  comparison  on  a  single  day,  « 
although  I  believe  that  the  error  of  comparison  cannot  b 
much  over  one  tenth  of  a  degree,  it  is  by  no  means  certain,  c 
even  improbable,  that  an  error  of  this  "magnitude  may  entei 
It  was  not  thought  in  that  stage  of  the  investigation  that  sue 
an  error  was  of  any  significance.  Unfortunately  one  of  tl 
thermometers  has  since  been  broken  so  that  a  direct  compariso 
is  out  of  the  (iiiestion.  The  observations  of  the  ordinal 
indices  contain  implicitly,  however,  the  desired  correction 
appears  from  the  following  reasoning : — 

Let  <//  be  the  excess  of  the  reading  of  the  first  thermonietc 
used  in  the  prism-angle  measures,  over  that  of  the  secoiK 
then  its  most  probable  value  is  that  which  renders  the  probafa 
error  of  the  mean  value  of  /tu  a  minimum,  when   tne  thr 

observed    values   are    regarded   as   independently    deteniiim 
magnitudes. 
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bos 


dfo      dfio  da 


=4-2X5 '68  forQR 


dt        da    dt 

=— 4-2X2-84  for  PQ  and  PR, 

*e  first  differential  coefficient  being  derived  from  the  formula 
rom  which  /x0  is  calculated,  and  the  second  is  given  on  p.  66. 

Wn  these  and  the  values  of  fi0  on  p.  70  treated  as  independ- 

nt  determinations,  we  have 


23-9  <ft=  -2 
11-9  <#=  li 
ll-9cfe=-4, 


rhence 

<ft=-0o-084±0032. 

horn  this  it  is  obvious  that  such  a  correction  is  required. 
Supposing,  then,  that  the  angles  of  the  prism  given  above 
Kjrrespond  to  a  temperature  of  19°#916  C.  instead  of  20°  0.  we 
»ve  the  following  definitive  values  for  the  quantities  involved : 

«  4>                       A*                    »o 

PQ      60°  1'    24'-83  52°  4'    10'-20  47°  3'    58''26  1-658392 

PR     59    57     37-66  51    58     11-52  46   58     4569  1-658387 

]R     60   0      57-60  52    3       2610  36    1       43*06  1'658389 


rhence 


//0=l-658389 

PQ         1-606113 
PR         1606102 


1-486452 

n'e  [calcj 

1-606110 
1-606100. 


The  conclusion  is,  that  Huyghens's  law  is  probably  true  to 
than  one  part  in  five  hundred  thousand,  and,  consequently, 
hat  there  is  no  known  method  by  which  we  can  hope  to 
iscover  an  error  in  it  by  observation  alone. 

•New  Haven,  Nov.,  188*7. 


SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Decomposition  of  the  Hydrides  of  the  Halogens  by 
Aght  in  presence  of  Oxygen. — Some  time  ago  it  was  observed 
y  Backelandt  and  by  McLcod  that  hydrogen  chloride  gas,  when 
Kposed  to  the  combined  action  of  atmospheric  oxygen  and  sun- 
ght,  was  partially  decomposed,  chlorine  being  evolved.  In 
rder  to  determine  the  conditions  under  which  this  change  is 
ffected,  Richardson  has  made  a  series  of  experiments  on  hydro- 
en  chloride,  bromide  and  iodide  gases,  (1)  when  the  gaseous 
ixture  exposed  to  the  sunlight  is  moist ;  and  (2)  when  it  is  dry. 
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In  the  former  case,  oxygen  was  present   (a)  in   only  sufficient 
quantity  to  oxidize  the  hydrogen,  or  (b)  in  large  excess.    Bulbs  of 
about  300  c.  c.  capacity  were  filled  with  the  gaseous  mixture  and 
'sealed.     The  hydrogen  chloride  gas  was  prepared  from  sodium 
chloride  by  the  action  of  pure  sulphuric  acid.     The  oxygen  wai 
freed  from  any  chlorine  it  might  contain  by  passing  it  through 
sodium  hydrate.     After  exposure  to  the  light,  the  bulbs  were 
opened  under  water  and  the  chlorine  compounds  thus  absorbed. 
The  resulting  solution,  made  up  to  known  volume,  was  divided 
into  two  equal  parts.     In  the  first  the  total  chlorine  was  deter 
mined  and  in  the  second  the  free  chlorine.     In  the  first  experi- 
ment the  moist  gases  were  mixed  in  the  ratio  of  4  vols,  hydrogen 
chloride  and  1  vol.  oxygen,  and  the  bulb  was  exposed  to  sunlight 
for  24  days.     The  free  chlorine  formed  amounted  to  0*34  per  cent 
In  the  second  experiment,  in  which  the  oxygen  was  8  vols,  to  four 
of  hydrogen  chloride  and  in  which  the  exposure  was  21  days, 
73*81  per  cent  of  chlorine  was  evolved,  the  mixture  in  the  bulb 
being  distinctly  greenish  after  five  days.     In  the  third  and  fourth 
experiments,  the  gases  were  mixed  in  the  same  proportion  and 
exposed  to  sunlight  for  57  days.     Notable  quantities  of  hypo- 
chlorous  oxide  or  other  oxide  of  chlorine  were  produced.    In  the 
fifth  experiment  the  gases  were  both  carefully  dried  over  phos- 
phoric oxide.     After  27  days  exposure  in  one  case  and  63  days  in 
another,  not  a  trace  of  free  chlorine  could  be  detected.     The  hy- 
drogen  chloride   was  then  saturated  with  moisture  and  mixed 
with  dry  oxygen.     But  an  exposure  to  sunlight  of  60  days  failed 
to  produce  any   free  chlorine.     Hence,  a  mixture  of  hydrogen 
chloride  and  oxygen  is  perfectly  stable  in  sunlight  not  only  when 
dry,  but  even  in  presence  of  aqueous  vapor,  provided  liquid  water 
be  absent.     Similar  experiments  were  then  made  with  hydrogen 
bromide.     When  the  gases  were  moist  and  the  oxygen  was  teat 
required   to   oxidize  the  hydrogen,  an  exposure  of  46  days  pro- 
duced 0*64  per  cent  of  free  bromine.     When,  however,  the  oxy- 
gen was  in  large  excess,  7*73  per  cent  of  bromine  was  set  free  in 
the  same  time.     In  case  the  gases  were  dry,  no  bromine  was 
evolved.     In  the  experiments  with  hydrogen  iodide,  94*31  per 
cent  of  free  iodine  was  produced  in  20  days  when  the  oxygen  was 
not  in  excess  and  96*08  per  cent  when  an  excess  of  oxygen  was 
used.     Even  dry  mixtures  of  these  gases  were  found  to  be  decom- 
posed by  sunlight.     Hence,  the  author  concludes:   1st,  The  star 
bility  of  the  moist  hydrides  of  chlorine,  bromine  and  iodine  is  de- 
pendent on  the  mass  of  oxygen  present,  in  excess  of  that  required 
for  their  complete  decomposition.     2d,  Dry  or  partially  dry  hy- 
drogen chloride  and  bromide  are  completely  stable,  even  when 
mixed  with  a  large  excess  of  oxygen.     3d,  Dry  hydrogen  iodide 
is  decomposed  in  presence  of  oxygen. — J.  Chem.  Soc,  li,  801- 
806,  November,  1887.  G.  F.  b. 

2.  On  the  Influence  of  Liquid  water  in  promoting  the  Decor7*' 
position  of  Hydrogen  chloride  by  Sunlight  in  presence  of  OtpW 
gen. — In  a  paper  immediately  following  the  one  above  mentioned, 
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Abmstbong  discusses  the  apparently  anomalous  result  that  water 
in  the  liquid  state  is  necessary  to  the  reaction  just  described. 
He  regards  the  interaction  in  this  case  as  only  another  instance 
showing  the  general  fact  that  interactions  which  are  commonly 
assumed  to  occur  between  two  substances,  are  possible  more  fre- 
quently than  not,  only  in  presence  of  a  third  substance  (which  he 
calls  a  catalyst).    The  case  in  question  is  parallel  to  that  of  the 
oxidation  of  sulphur  dioxide  investigated  by  Dixon.     "  In  gas- 
eous mixtures  chemical  change  appears  so  take  place  only  when  a 
comparatively   high   electro-motive  force,  or  its   equivalent,  is 
employed ;  one  sufficient  to  produce  disruptive  discharge  being 
usually  required.     Regarding  the  interaction  as  a  case  of  electro- 
lysis, a  gaseous  mixture  of  HC1,  O,  and  OHs  therefore  might  be 
expected  to  prove  insensitive  to  light.     Brit  an  aqueous  solution 
of  hydrogen  chloride  is  one  of  the  best  of  liquid  conductors  and 
it  is  easy,  therefore,  to  understand  that  a  relatively  small  electro- 
motive force  should  suffice  to  electrolyze  a  liquid  system  of  the 
same  three  elements." — J.  Chem.  8oc.y  li,  806-807.  g.  f.  b. 

8.  On  the  Concentration  of  Solutions  by  Gravity. — Experi- 
ment teaches  that  a  homogeneous  solution  left  to  itself  at  con- 
stant temperature,  preserves  sensibly  its  homogeneity.  Gout  and 
Chaperon  have  examined  this  question  mathematically  in  order 
to  see  how  far  this  result,  taking  gravity  into  the  account,  is  iq  ac- 
cordance with  thermodynamic  principles.  And  they  find  that  under 
these  conditions,  the  permanent  state  of  a  solution  is  not  one  of  abso- 
lute homogeneity  but  that  the  density  of  the  liquid  increases  from 
i  the  surface  downward  according  to  a  determinate  law ;  so  that  in 
time  the  primitive  homogeneity  of  a  solution  will  be  destroyed 
by  gravity,  and  a  new  state  of  equilibrium  will  be  established 
within  it.  To  show  that  the  principle  of  Carnot  is  in  contradic- 
tion with  the  hypothesis  of  absolute  homogeneity  in  the  case  of  a 
heavy  solution  in  the  permanent  state,  the  authors  suppose  a  per- 
fectly homogeneous  solution  placed  in  a  vessel  of  height  H.  Let  a 
▼ery  small  portion  of  this  liquid  of  volume  V,  at  its  upper  surface,  be 
supposed  temporarily  isolated  from  the  remainder  of  the  solution. 
If  the  weight  dco  of  the  solvent  pass  by  distillation  from  this 
isolated  portion  to  the  rest  of  the  liquid  at  constant  temperature, 
evidently  no  work  will  be  expended.  Suppose  now  that,  since  the 
weight  of  the  solvent  dco  has  gone  from  this  isolated  portion  to 
the  rest  of  the  liquid,  the  density  of  this  portion  increases  in  con- 
L  sequence  by  an  amount  e£D,  its  volume  will  diminish  by  dV ;  and 
now  if  by  reason  of  this  increased  density,  this  portion  sinks  to 
the  bottom  of  the  vessel,  it  will  do  a  positive  amount  of  work 
equal  to  H  (V— d  V)  dD.  If  after  this  we  suppose  the  homogen- 
eity of  the  solution  to  be  re-established  by  diffusion  the  cycle  will 
!  be  closed,  the  total  work  done  in  the  cycle  will  be  zero  and  hence 
f  «D  must  be  zero.  It  is  not  possible  therefore  for  a  solution  to 
\  be  perfectly  homogeneous  in  the  permanent  state  unless  its  den- 
*  nty  does  not  vary  for  an  infinitely  small  variation  of  the  concen- 
tration.  But  if,  on  the  contrary,  the  solution  is  not  homogeneous, 
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its  density  increasing  gradually  downward,  the  isolated  portion 
above  mentioned  will  be  in  equilibrium  in  the  liquid  when  it  hat 
fallen  through  a  distance  c?H;  so  that  the  positive  work  done  in 
this  case  will  be  an  infinitesimal  of  the  second  order  and  therefore 
negligible.     From  a  formula  deduced  in  the  paper,  the  authon 
have  calculated  the  amount  of  substance  at  the  top  and  at  the 
bottom  of  a  column  100  meters  high,  for  four  different  solution. 
For  cadmium  iodide  at  top  0*166,  at  bottom  0*153;  a  difference  of 
0*013.     For  sodium  nitrate  0*20  and  0*196;  a  difference  of  0*004. 
For  common  salt  0*11  and  0*1095;  a  difference  of  0*0005.    And 
for  sugar  0*55  and  0*546;  a  difference  of  0*004.    These  differences, 
though  apparently  too  small  to  have  any  practical  value,  have  a 
very  considerable  theoretical  importance. — Ann.   Chim.  Phfa 
VI,  xii,  384,  Nov.,  1887.  o.  f.  a 

4.  On  the  Percentage  of  Oxygen  in  the  Air. — Hjexpel  baa 
published  the  results  of  analyses  of  the  air  of  Dresden,  made  for 
the  most  part  by  his  assistants  Oettel  and  Schumann,  in  compari- 
son with  analyses  of  air  collected  simultaneously  at  Poppelsdorf, 
near  Bonn,  by  Kreusler,  at  Cleveland  by  Morley,  at  Para,  Bnuil 
(lat.  H°  S.)  by  Pusinelli,  and  at  Troms6e,  Norway  (lat.  69*°  N.) 
by  Schneider.  The  samples  analysed  were  taken  daily  between 
April  1  and  May  16,  1886,  the  hour  being  2:12  p.  m.  at  Boon, 
and,  the  corresponding  time  at  the  other  stations.  The  results  an 
given  in  detail  in  tabulated  form.  They  show  that  the  mean  per- 
centage of  oxygen  in  the  air  was  for  Para  20*92,  Bonn  20*92, 
Cleveland  20*93,  Dresden  20*93,  and  TromsOe  20*95.  The  higher* 
observed  percentage  was  21*00  at  TromsOe  on  April  22d;  and  the 
lowest  20*86  at  Para  on  April  26th.  The  mean  percentage  as  de- 
duced from  all  the  experiments  is  20*93. — Ber.  Berl.  Chem.  G&.) 
xx,  1864,  June,  1887;  J.  Chem.  Soc.y  Hi,  885,  Oct.,  1887. 

O.  F.  B. 

5.  On   the    Constitution   of  JSelenous  Acid. — Michaelis  and 
Landmann  have  continued  their  researches  on  the  constitution  of 
selenous  acid  and  have  offered  new  proof  that  this  is  a  di-hydroxyl- 
acid   SeO  .  (HO)a.     They   have   produced   the   chloride  of  et> 
oxyselenyl,  C„HfcO.Se(/.  CI,  by  distilling  selenyl  chloride  with 
absolute  alcohol  for  a  long  time  with  an  inverted  condenser. 
They  have  also  formed  diethyl  selenite  (C,H§0),SeO,  either  by 
the  action  of  selenyl  chloride  upon  sodium  ethylate  or  by  that  of 
silver  selenite  on  ethyl  iodide.     This  ether  has  a  density  of  l'& 
at  16*6°  and  boils  between  183°  and  185°.— Ber.  Berl.  Chem.Ge*., 
xx,  (Ref.)  625,  Nov.,  1887.  *  O.  F.  B. 

6.  Indexing  of  Chemical  Literature. — The  fifth  annual  report 
of  the  Committee  of  the  American  Association  for  the  Advance- 
ment of  Science  on  Indexing  Chemical  Literature  has  recently  been 
received.  The  report  mentions  the  publication  of  Professor  C.  &* 
Munroe's  Index  to  the  Literature  of  Explosives,  Part  I,  in  which  no 
less  than  442  volumes  of  serials  have  been  indexed.  After  noticing 
reports  of  progress  from  eight  persons,  the  report  considers  the 
suggestion  of  the  chairman  made  at  the  Buffalo  meeting  as  to  tb* 
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[nation  of  a  Standard  List  of  Abbreviations  of  titles  of  Chemi- 
Periodicals.  The  committee  give  the  nine  principles  by  which 
y  were  governed  in  compiling  the  Provisional  List  of  Abbre- 
tions  which  accompanies  the  report.  This  list  gives  proposed 
ndard  abbreviations  of  206  chemical  periodicals  (including 
ie  of  general  science)  for  adoption  by  chemists  with  a  view  to 
uring  uniformity.  Those  desiring  copies  of  this  list  can  obtain 
m  by  addressing  the  chairman  of  the  committee,  care  of  the 
ithaonian  Institution. 

The  report  also  gives  a  list  of  the  Indexes  to  chemical  litera- 
te published  to  date,  twenty  in  number.  The  committee  is  now 
istituted  as  follows :  H.  Carrington  Bolton,  Chairman,  F.  W. 
irke,  Albert  R.  Leeds,  Alexis  A.  Julien,  John  W.  Langley, 
muel  H.  Scudder,  and  C.  K.  Wead. 

7.  Mechanical  Equivalent  of  Heat. — Dr.  Dieterici  employing 
\  electrical  method  for  the  determination  of  the  mechanical 
divalent  of  heat,  obtains  as  the  results  of  his  series  of  measure- 
Hit*,  424*4  and  424*2.  The  highest  and  lowest  values  differ 
ry  little  from  the  mean  of  the  determinations. .  The  value  of 
e  specific  heat  of  water  taken  was  the  mean  of  the  determina- 
>ns  between  0°  C.  and  100°  C.  The  author  believes  that  the 
«cific  heat  of  water  can  best  be  determined  by  the  electrical 
easurement  of  the  mechanical  equivalent  of  heat. — Nature^  Nov. 
),  1887,  p.  48.  J.  T. 

8.  Radiation  in  absolute  measure. — Mr.  J.  T.  Bottomlet 
laced  a  wire  in  a  blackened  copper  cylinder  which  was  exhausted 
f  air.  The  wire  was  heated  by  an  electric  current  and  the 
mount  of  energy  measured  which  was  necessary  to  maintain  the 
ire  at  a  constant  temperature.  The  constant  temperature  was 
iiown  by  the  constancy  of  the  resistance  of  the  wire.  The  en- 
rgy  was  measured  by  obtaining  the  value  of  the  current  and  the 
ifference  of  potential.  The  measurements  were  obtained  at  such 
low  pressure  that  a  further  reduction  of  this  pressure  did  not 
ppreciably  affect  the  energy  given  off.  By  means  of  an  asymp- 
otic  curve  the  energy  given  off  by  radiation  was  then  calculated. 

The  energy  radiated,  expressed  in  gram -water  Centigrade 
inite,wasat408°,378*8X10-4  ;  at  505°,  7261X10-*.  Two  equal 
fires  of  platinum  were  enclosed  by  melting  in  two  equal  cylinders. 
)ne  of  these  wires  was  covered  with  lamp  black.  By  a  suitable 
rrangement  both  wires  were  raised  from  a  red  to  a  white  heat  by 
flown  electrical  currents  and  known  differences  of  potential. 
t  was  seen  that  the  temperature  of  a  dull  body  must  be  much 
ugber  than  that  of  a  polished  one  in  order  to  exhibit  the  same 
tightness. — Proc.  Roy.  Soc.  Lond.y  xlii,  pp.  357-359,  1887  ;  ibid., 
>p.  433-437.  J.  T. 

0.  Maximum  of  Light  Intensity  in  the  Solar  Spectrum. — G. 
Kkngarini  after  a  careful  study  concludes  that  the  relative 
tightness  of  different  colors  of  the  spectrum  changes,  and  the 
maximum  of  the  intensity  of  light  is  not  in  any  fixed  position. 
fc  varies  between  tolerably  wide  limits. — Rend,  della  R.  Ace.  dei 
lincei  (4)  iii,  pp.  482-489,  1887.  J.  t. 
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10.  Relation  of  the  wave-length  of  light  to  Us  intensity. 
the  roost  important  questions  in  optics  is  the  question  whetb 
velocity  of  light  depends  upon  its  intensity.  Ebert  has 
taken  an  elaborate  study  of  this  point.  Interference  fringes  W€! 
employed,  the  writer  showing  that  changes  in  wave-let^* Jff® 
amounting  to  only  y^yJinnr  °^  their  values,  or  changes  in  vel^^fT 
of  light  amounting  to  ±  1  *5  kilometers  can  be  detected  by  *&* 
method.  Different  sources  of  light  were  employed.  It  was  foo|K' 
that  the  wave-lengths  and  the  velocity  of  light  did  not  change* 
millionth  in  value  when  the  intensity  of  light  varied  from  1  to 
250. — Ann.  der  Physik  und  Chemie,  No.  11,  1887,  pp.  837-S8! 

J.£ 

11.  Brief  notice  of  a  paper  by  Mr.  HaUocfr  entitled.:  The  ftar 
of  solids,  etc.;  by  W.  Spring.  (Communicated  by  the  author.)- 
I  have  shown,  it  will  be  rememoered,  by  numerous  experimenti, 
that  solid  bodies  possess,  to  different  degrees,  the  property  of 
being  welded  together,  while  cold,  under  a  sufficiently  strong 
pressure.  In  compressing  bodies  of  a  different  chemical  natural 
have  been  able  to  obtain,  at  a  low  temperature,  a  number  of  com- 
binations of  bodies  in  a  solid  state,  combinations  which  are,  gen- 
erally, produced  only  with  the  aid  of  a  temperature  more  ork» 
high.  These  researches  were  undertaken  with  the  view  of  decid- 
ing whether  it  is  possible  to  find  in  bodies  in  a  solid  state,  MT 
trace  of  the  peculiarities  which  especially  characterize  the  liquid 
state. 

I  have  also  been  led  to  state,  as  the  result  of  my  experimenti, 
since  1880,  that  "matter  assumes,  under  pressure,  a  condition r& 
ative  to  the  volume  it  is  obliged  to  occupy;  "  but  this  condeott- 
tion  is  permanent  only  when  the  matter  admits  of  different  allotropio 
states.  Since  then,  new  experiments,!  still  in  part  unpublished, 
have  made  me  recognize  the  importance  of  the  part  that  a  certaii 
degree  of  temperature  plays  in  these  phenomena,  so  that  for 
the  solid  state,  as  well  as  for  the  gaseous  one,  a  critical  temper* 
ture  would  be  remarked,  above  or  below  which,  the  changes  bj 
simple  pressure  would  be  no  longer  possible. 

The  consequences  of  all  this  is,  for  instance,  that  liquid  bodieft 
must  pass  under  pressure  into  a  solid  state,  taking  of  course  the  crit- 
ical temperature,  into  account,  if  their  specific  volume  is  smaller 
in  a  solid  state  than  in  a  liquid  one,  and  conversely.  This  con- 
verse has  been  demonstrated  first  by  Mouzon,  since  then  bv  my- 
self in  cooperation  with  my  friend  J.  H.  vau't  Hoff.  I  hid 
intended  verifying  also  the  first  proposition,  but  I  have  been 
anticipated,  to  my  great  satisfaction,  by  M.  AmagatJ  who  baa 
just  produced  the  solidification  of  several  liquids  by  the  action  of 
pressure.  The  verification  of  the  general  result  of  my  experi- 
ments has  given  me  great  pleasure ;  its  value  will  escape  no  one. 

This   taken   for  granted,    I   come    to    Mr.    Hal  lock's   article. 
The  author  imputes  to  me  the  absurd   idea  that  solid   bodies 

*  See  this  Journal,  xxxiv,  No.  202,  October,  1887,  p.  277. 

f  Zeitschrift  f.  phys.  Chomie,  i,  p.  227.         $  Comptes  Rendus,  cv,  p.  165,  1887. 
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°* ,  *M  liquefy  under  the  action  of  pressure.  He  even  imag- 
£*  ^  I  have  drawn  this  conclusion  from  my  own  experiments! 
>  se^OticI  his  statement  he  alters  some  passages  of  my  works, 
ibftUt\xxing  for  the  word  "  welding  "  (souder)  while  I  have  used 
bat of  "fusion"  or  even  in  misconstruing  the  text.  The  reader 
0*1  3^dge  :  Mr.  Hallock  makes  me  state,  for  instance  (p.  281), 
*  Sulphur  prismatic — 5000  atm. -fusion  to  the  octahedral  form  .  ." 
toe  ^ds,  of  his  own  invention :  "  and  so  on  through  a  long  and 
▼aried  list."  But  I  said,  on  page  391  of  my  memoir  of  1880: 
*Du  sou/ re  prisma  tique  transparent,  fraichement  prepare,  a  ete 
towmti  d  une  pression  de  5000  atm.  &  la  temperature  de  13° ;  U 
ltd  modxJj  en  un  bloc  opaque  beaucoup  plus  dur  que  ceux  qu'on 
obtkid  par  fusion."  ! After  having  thus  prepared  the 

S*ound,  he  gives  an  account  of  some  new  experiments  which  have 
own  him,  naturally,  that  solid  bodies  do  not  fuse  under  pressure ! 
Finally,  he  closes  by  showing  my  absurdity,  referring  to  Ama- 
g&t's  experiments  which  prove,  as  I  have  just  called  to  miud, 
the  tolidijiccUion  of  certain  liquids  by  pressure,  that  which  ex- 
dudes  the  contrary.  It  is  quite  evident  that  there  is  no  reason 
for  arguing  with  Mr.  Hallock,  since  his  study,  which  rests  on  a 
chimera,  is,  in  my  opinion,  null  and  void.  But  I  think  I  have  a 
"right  to  protest  agaiust  the  carelessness  which  has  led  him  thus  to 
misstate  my  views. 
Lilge,  6  Nov.  1887. 

12.  Lessons  in  Elementary  Practical  Physics :  vol.  ii,  Electri- 
city  and  Magnetism;  by  Balfour  Stewart  and  W.  W.  Hal- 
dake  Gkb.  497  pp.  12mo.  London  and  New  York,  1887  (Mac- 
millan  <fc  Co.). — Those  who  are  already  familiar  with  the  preced- 
ing part  of  this  excellent  work  on  Practical  Physics  will  not  need 
toy  special  introduction  to  this  second  volume.  It  covers  the 
tubjects  of  electricity  and  magnetism,  the  first  three  chapters 
giving  the  elementary  phenomena  and  principles  to  be  worked 
through  by  the  student  experimentally ;  after  this  he  is  fitted  to 
take  up  the  more  advanced  portion  dealing  in  successive  chapters 
with  the  measurement  of  resistance,  the  tangent  galvanometer, 
the  determination  of  the  magnetic  elements,  electro-magnetism, 
the  condenser,  electrometer  and  so  on. 

IL  Geology  and  Natural  History. 

1.  Communication  by  Raphael  Purnpelly,  of  the  U.  S.  Geo- 
logical  Survey,  on.  the  fossils  of  Littleton,  New  Hampshire. — In 
the  course  of  a  reconnaissance  of  some  of  the  limestone  areas  of 
New  England  made  under  my  direction  by  Mr.  T.  Nelson  Dale 
in  August  and  September,  1885,  the  following  fossils  were  found 
In  the  limestone  and  interbeddcd  slates  at  Fitch  Hill,  the  north 
Hid  of  Blueberry  or  Parker  Mountain,  near  Littleton,  N.  H. 

The  determinations  of  the  trilobites  and  mollusks  were  made 
»y  Mr.  Chas.  D.  Walcott,  those  of  the  corals  by  Mr.  C.  Rominger. 
Jalmanites  limulurus  (Green),  abundant ;    iStrophomena  rhom- 
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boidalis  ( Wahl.),  Pleurotomaria*  fragment,  Strophodonta,  a  ipe» 
cies  allied  to  Trematospira  multistriata  (Hall),  Stromatopor% 
Syringoiwra  similar  to  Niagara  forms,  Favosites  moat  likely 
favosa  (Goldf.),  Favosites  with  the  special  character  of  Nfetguft 
forms  Favosites,  a  ramose  species,  Niagara  group. 

The  following  fossils  were  also  found  at  the  same  locality,  thai 
corroborating  the  discoveries  made  there  in  1870  by  Professor 
Ch.  H.  Hitchcock,  and  the  determinations  by  the  late  Mr.  Billings 
(this  Journal,  III,  vol.  vii,  1874,  pp.  408,  557;  also  Geology 
of  New  Hampshire,  vol.  i,  p.  48,  *874,  vol.  ii,  p.  339-340,1877, 
Fentamenis  Knight  ii  (Low.),  Haly sites,  differing  but  slightly 
from  H.  catenulata  (Lin.  sp.),  Zaphrentis,  crinoid  columns,  frig* 
ments  of  another  gnsteropod.  The  following  species  also  gWa 
by  Professor  Ch.  H.  Hitchcock  from  the  same  locality  were  not 
found:  Favosites  basaltica  (Goldf.),  Favosites  Gothlandim 
(Lam.)  and  a  Lie  has. 

The  fossils  found  by  Professor  Hitchcock  seemed  to  indicate 
the  age  of  the  Upper  or  Lower  Helderberg  for  these  deposits,  wilk 
a  preponderance  in  favor  of  the  latter.  Mr.  Walcott's  and  Mr. 
Rominger's  determinations  agree  however  in  assigning  the  bedi 
to  the  Niagara  period. 

2.  The  Geological  history  of  the  Swiss  Alps. — Prof.  Ran- 
tier,  one  of  the  ablest  and  most  active  of  Swiss  geologists,  bai 
an  important  paper  on  the  Alps,  in  the  "Archives  dea  Science!,0 
of  Geneva,  for  October  15,  1887  (xviii,  367).  He  first  discasM 
the  age  of  the  crystalline  rocks,  and  opposes  the  hypothesis  of 
their  universal  Archaean  age  ami  igneous  origin.  He  obserrei 
that  the  crystalline  rocks  are  so  varied,  so  frequently  stratiform, 
not  to  say  stratified,  so  similar,  so  indisputable  sedimentary  rocks, 
that  their  general  igneous  origin  cannot,  in  his  view,  be  sustained 
Some  may  be  of  this  nature,  but  the  micaceous  and  other  schnti 
appear  to  be  ancient  argillaceous  rocks,  foliated  by  pressure; 
some  gneisses,  old  sandstones  more  or  less  metamorphoiejL 
Further,  instead  of  uniform  unconforinability  between  the  foarit 
iferous  beds  of  the  Coal  formation  and  these  alleged  Arcbaai 
schists,  in  many  places  there  is  perfect  concordance,  and  the  bed* 
of  the  Coal  formation  also  are  often  semi-crystalline. 

It  appears,  moreover,  to  be  more  and  more  incontestable  that 
some  of  the  crystalline  rocks  of  the  Alps  contain  organic  remain! 
Some  time  since  Sismonda  reported  the  discovery  of  an  impression 
of  an  Eouisetum  in  a  crystalline  rock  of  the  Val  Pellina.   Rt-cenlly, 
M.  A.  Muller  announced  the  discovery  of  Crinoids  and  other  fossils, 
apparently  Devonian,  in  a  kind  of  Graywacke,  From  the  Etzlithal; 
and   M.   Stapff  has  found,    in   schists    from   the  interior  of  the 
St.  Gothard  tunnel,  joints  of  Crinoids  in  calcareous  mica  schistt, 
impressions  of  fucoids  in  shining  slates,  and   in  a  calcareous  bed 
intercalated  with  mica  schists,  a  microscopic  network  (figured  bj 
him),  which   probably  pertained  to  a  sponge.     The   past  year  the 
discovery  has    been   made    known   of  two  trunks  which  are  cer- 
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inly  vegetable,  in  the  sericitic  (hydromica)  schist  of  Guttanen. 
ich  facts  may  leave  some  doubts  still,  but  they  afford,  at  least, 
atrong  presumption  that  there  is  not  the  long  unrepresented 
terval  between  the  Archaean  and  Carboniferous  which  has  been 
aimed  by  some ;  on  the  contrary,  that  the  Silurian  and  Devon- 
ian may  be  represented  in  different  parts  of  the  Swiss  as  well  as 
i  tbe  Austrian  Alps. 

Mr.  Renevier  continues  with  an  account  of  the  extensive  dis- 
cibution  of  the  Carboniferous  beds  in  the  Swiss  Alps;  of  the 
Yiassic,  but  mostly  the  upper  Trias,  and,  unlike  the  Austrian, 
rithout  marine  fossils;  and  of  the  Triassic  and  Jurassic,  which 
ii  the  Rhetian  beds — here  referred  to  the  Lias  rather  than  the 
Mas — include  the  first  of  the  marine  beds  in  this  series.     These 
oarine  beds  are  stated  to  indicate,  apparently,  that  the  sea  en- 
iroached  on  the  region  of  the  Alps  in  a  direction  to  the  south- 
eastward, the  Rhetian  beds  not  extending  to  the  High  Alps,  the 
ipper  Lias  reaching  farther  in  that  direction  than  the  Rhetian, 
rod  the  Upper  Jura,  or  Malm,  constituting  the  calcareous  back- 
bone of  the  mountains,  being  found  between  the  different  crystal- 
fine  centers  of  the  Alps,  on  both  flanks  of  Mt.  Blanc,  in  the  val- 
ley of  Chamouni  on  the  north  and  that  of  Entreves  on  the  south  ; 
and  also  at  Zermatt  at  the  foot  of  Mt  Rosa.     The  fossils  in  the 
limestones  of  these  high  regions  are  not  determinable,  but  the 
"beds  can  be  followed  even  along  the  metamorphic  regions,  to 
places  where,  as  at  Moeveran,  the  fauna  is  determinable.     It 
hence  appears  that,  at  this  Jurassic  period,  the  sea  had  its  largest 
extension,  and  the  Alps  were  an  archipelago,  consisting  of  more 
or  less  oblong  islands.     After  this  there  is  evidence  of  a  gradual 
letreat  of  the  waters. 
As  the  geological  chart  shows,  the  Cretaceous  beds  occupy 

a  the  outer  zone  of  the  northern  Alps.  The  Lower  Cretaceous 
j  have  the  greatest  extension.  Passing  to  the  later  epochs  of 
the  Cretaceous,  the  distribution  shows  a  gradual  retreat  of  the 
Mi  The  Lower  Cenomanian  beds  of  the  Upper  Cretaceous  are 
Ike  last  and  are  only  circumferential  in  distribution ;  after  this 
the  emergence  of  the  Alps  was  carried  on  through  the  Cretaceous 
Until  it  was  complete. 

The  upward  movement  of  the  Cretaceous  era  probabfy  con- 
tinued through  the  era  of  the  oldest  Eocene  (Paleocene,  anterior 
tothe  Nummulitic  beds),  so  that  at  this  time  the  Swiss  Alpine 
legion  was  continental.  After  this  a  return  of  the  sea  com- 
menced at  each  extremity  of  the  Alps,  producing  the  Nuramu- 
Ktio  deposits  of  Kressenberg,  Bavaria,  and  of  Appenzell  and 
Sehwytz  which  is  prolonged  even  to  Lake  Thun ;  and  also  other 
teds  in  the  southern  part  of  Savoy ;  the  intermediate  region  be- 
ing still "  terra  firma,"  as  proved  by  terrestrial  and  lacustrine 
deposits.  The  Nummulitic  beds  were  followed  by  the  Flysch — 
I marine  deposit  of  the  later  Eocene;  and  after  it,  came  a  new 
retreat  of  the  waters. 

Joue.  Sol— Third  Series,  Vol.  XXXV,  No.  205.— Jan.,  1888. 
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.  The  Miocene  beds  occur  in  the  Rigi,  the  Pelerin  and  the  Spec 
but  are  not  known  to  occur  in  the  synclinal  valleys  of  the  Alp 
they  may  yet  be  traced  into  some  of  them,  but  it  appears  certa 
that  the  Alps  had  become  mainly  emerged  by  the  commenceme 
of  this  era. 

The  Flyscb,  the  last  of  the  Eocene  marine  deposits,  is  mu< 
folded  up  with  the  beds  below,  entering  into  the  remarkable  do 
ble  folds ;  and  it  is  probable  that  the  great  flexures  of  the  Swi 
Alpine  chain  had  hardly  commenced  before  the  era  of  its  depot 
tion  had  closed.  The  era  of  folding  may  have  covered  the  who 
of  the  Miocene  period. 

By  the  beginning  of  the  Pliocene  period,  the  folding  was  con 
pleted,  and  the  Alps  had  acquired  their  present  altitude  or  ma 
have  exceeded  it. 

The  Glacial  era  probably  began  with  the  close  of  the  Pliocene 
Then  followed  an  interglacial  period,  represented  by  immens 
accumulations  of  rounded,  stratified  gravel,  which  are  situate* 
between  two  systems  of  angular  erratics ;  and  during  this  epocl 
the  plains  of  Switzerland  became  free  of  the  glacier.  Latei 
owing  to  new  elevations  or  new  meteorological  conditions,  th< 
ice  spread  itself  anew  over  the  plains;  but  whether  to  a  greate: 
or  less  extent  than  in  the  first  glacial  epoch  is  uncertain.  Thei 
followed  the  era  of  the  formation  of  the  great  accumulations  o 
gravel  in  the  Alpine  valleys,  and  the  terraced  materials  along  tin 
lake  valleys,  and  river  borders,  and  the  final  retreat  of  the  ioe  U 
its  present  limits. 

3.  Gradual  variation  in  intensity  of  metamorphism.— A  papei 
on  Crystalline  and  Metamorphio*  rocks  of  the  lower  Himalaya 
Garhwal  and  Kumaum,  by  C.  S.  Middlemiss,  B.A.  (Record 
Geol.  Surv.  India,  xx,  part  3),  gives  some  facts  on  this  subjec 
which  show  that  the  metamorphic  phenomena  of  India  are  mucl 
like  those  of  New  England.  The  author  emphasizes  two  points 
that  "  the  schist  near  the  gneissose  granite  is  entirely  a  thorougl 
crystalline  schist,  a  fact  needing  no  miscroscope  to  demonstrate 
and,  secondly,  along  a  line  of  country  where  rock  is  exposed  a 
every  step,  it  is  seen  that  this  culminating  intense  form  graduate 
into  a  widespread  less  intense  form,  and  this  in  turn,  graduates  into 
ordinary  slates  and  quartzites.  "  "  About  a  mile  from  any  outcro] 
of  gneissose  granite,  as  we  approach  the  Dudatoli  massif,  in  n< 
matter  what  direction,  there  is  a  rapid,  but  gradual  change  in  th 
metamorphism  of  the  schistose  beds.  The  faint  films  of  micaceoa 
material  assume  by  degrees  the  aspect  of  distinct  layers  of  mics 
plates  of  considerable  thickness."  "Garnets  gradually  assembl 
in  the  schist;  first  showing  as  minute  pin-heads  under  a  coatin] 
of  what  one  may  call  mica-leaf,  and  gradually  increasing  in  sis 
and  definiteness  concomitantly  with  the  mica  until  they  reach  a 
average  size  of  peas  and  rarely  as  large  as  filberts. " 

An  exact  counterpart  as  to  the  change  in  the  mica  and  garnel 
with    increasing    intensity    of  metamorphism,  connected  with 
graduation  from  hydromica  schist  into  gneiss  occurs  within  10  mil* 
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est  of  New  Haven,  Connecticut,  and  in  a  less  restricted  area,  in 
le  Taconic  range  of  Massachusetts.  At  the  India  locality  the 
neiss  graduates  into  porphyrinic  gneiss  and  granite;  so,  west  of 
Tew  Haven,  the  gneiss  becomes  a  coarse  porphyritic  gneiss  with 
rystals  of  orthoclase  as  large  as  the  thumb ;  and  at  the  junction  of 
be  mica  schist  and  gneiss  several  alterations  of  the  two  occur,  be- 
oming  coarser  and  coarser,  before  the  passage  is  complete  into  the 
K>rphyritic  gneiss.  In  the  gneiss  a  mile  west  of  the  junction,  large 
oasses  of  porphyritic  granite  occur  with  the  layers  of  the  micaceous 
gneiss  broken  and  involved  in  it ;  which  has  appeared  to  indicate 
hat  part  of  the  rock  material  of  the  porphyritic  gneiss  had  been 
^educed  by  the  heat  to  a  pasty  condition,  and  in  that  state  had 
t>een  forced  up  through  the  fractured  schist.  j.  d.  d. 

4.  Mission  Scientijfique  du  Cap  Horn,  1882-1883;   par  le  Dr. 
Htades.     Published  under  the  auspices  of  the  "  Ministeres  de  la 
Marine  et  de  l'Instruction  Publique."    Tome  iv,  Geologic     242 
pp.,  4to,  with  30  plates  and  3  maps.     Paris,  1887.     (Gauthier- 
Villars.) — In  this  volume   on  the  geology  of  the  region  about 
Cape  Horn,  after  a  brief  notice  of  other  explorations*,  the  author 
describes  the  various  rocks  about  Orange  Bay  and  other  lands  in 
its  vicinity,  and  gives  fine  figures  of  many  microscopic  sections  on 
ten  of  the  plates.     The  rocks  are  mainly  crystalline,  and  include 
diorytes,  andesytes,  diabase,  trachyte,  hornblende  schist,  granu- 
Wte,  quartzyte,  quartz-syenyte,  and  others.     Several  of  the  plates 
give  excellent  views  of  columnar  rocks  and  of  the  scenery  of  the 
ragged  region,  and  the  maps  show  well  the  wonderful  Fuegian 
-  archipelago.     An  appendix  contains  descriptions  of  other  speci- 
mens collected  in  1882  by  Professor  Lovisato  of  the  University  at 
Cagliari,  and  among  them,  in  the  vicinity  of  Cape  Conway,  a 
limestone  in  schist  and  a  marly  slate  each  containing  fossils,  that 
of  the  limestone  a  coral  near    Coscinocyathus   calathus  Borne- 
mann,  a  Silurian  fossil. 

Among  the  interesting  facts  cited  from  Darwin,  in  the  intro- 
ductory historical  notes,  is  his  discovery  of  Cretaceous  fossils  in 
to  argillaceous  schist  or  slate  on  the  summit  of  Mount  Tarn 
Ancyhceras  simplex  and  a  Natica  and  Pentacrinus,  and  near 
Pen  Famine  specimens  referred  to  Samites  elalior,  Lucina  eccen- 
Wca,  and  a  Venus  and  Turbinolia. 

The  author  refers  also  to  Wilkes's  "  Narrative,"  and  cites  a  few 
sentences.  He  makes  no  mention  of  the  writer's  report  on  the 
▼icinity  of  Orange  Harbor,  in  which  is  mentioned,  besides  other 
facts,  the  discovery  on  the  shores  to  the  north  of  the  harbor,  in  a 
•late,  where  passing  into  argillaceous  sandstone,  of  a  species  of 
tidemnite.  It  was  February,  1839;  an  opportunity  for  only  one 
day's  excursion  over  the  region  was  allowed.  Accompanied  by 
<*ib  of  the  sailors  of  the  vessel,  the  walk  was  continued  for  some 
tows  over  the  bleak  hills,  and  then  along  the  sea-shore  with  the 
mtention  of  returning  by  the  shore  to  the  harbor  where  the  ves- 
;  ■&  of  the  expedition  were  at  anchor ;  and  on  this  coast  part  of 
\    **  excursion,  about  halt  wayjfretween  the  harbor  and  the  head  of 
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the  bay  (the  latter  probably  Point  St  Bernard  on  the  mai 
work  here  noticed)  the  fossils  were  found  u  quite  thief 
tributed"  in  one  of  the  layers,  "  15  to  20  occurring  in  a 
foot  square9'  (p.  604).  The  coast  had  many  deep  coves  ai 
points,  so  that  the  one  excursion  was  prolonged  unintent 
and  somewhat  imprudently  considering  the  savage  clim: 
people  of  the  region,  to  twenty-four  hours,  the  best  plac< 
some  bushes  being  selected  for  the  night.  But  no  mor< 
were  found. 

The  other  volumes  of  the  series  are :  I,  History  of  the  \ 
II,  Meteorology ;  III,  Terrestrial  Magnetism,  and  Constitv 
the  Atmosphere;  V,  Botany;  VI,  Zoology;  VII,  Anthrc 
and  Ethnography.     Only  II,  III  and  IV  are  published.  J. 

5.  The  American  Geologist. — The  prospectus  of  an  Ai 
geological  monthly  has  been   recently  issued,  announci 
appearance  of  the  first  number  on  the  first  of  January, 
will  be  to  cover  all  branches  of  the  science  in  its  public: 
papers  and  notices  of  discoveries,  and  also  to  afford  spec 
by  suggestion  and  information,  to  the  teacher  in  geologj 
editors  and  publishers  for  the  coming  year  are  as  follows: 
sor  S.  Calvin  of  Iowa,  Professor  £.  W.  Claypole,  of  Ol 
Persifor  Frazer  of  Philadelphia,  Professor  L.  E.  Hicks 
braska,  Mr.  E.  O.  Ulrich  of  Kentucky,  Dr.  A.  Winchell  of 
gan  and  Professor  N.  H.  Winchell  of  Minneapolis.    The  « 
will  be  published  at  Minneapolis,  in  monthly  numbers  of 
fifty-six  octavo  pages  each,  at  three  dollars  a  year.    Thei 
lack  of  good  material  from  home  investigation  for  the  Ai 
Geologist.     It  promises  to  be  of  great  service  to  the  sciei 
the  country. 

6.  Geology  and  Mining  Industry  of  Zeadville,  Colora\ 
S.  F.  Emmons.  750  pp.  4to,  with  a  folio  Atlas  and  no 
plates. — United  States  Geological  Survey,  Clarence  Ki 
rector.  Washington,  1886. — This  report  of  Mr.  Emmons 
full  account  of  the  Leadville  region,  as  regards  its  geol 
mineral  veins  and  their  products,  its  mines  and  its  mining 
try,  and  discusses  ably  the  origin  or  genesis  of  the  veins 
The  illustrations  accompanying  the  text  represent  scene 
microscopic  structure  of  the  rocks,  furnaces,  implements 
saying  and  smelting,  and  various  other  matters  connect* 
the  mining  operations.  The  Atlas  contains  maps  with  < 
lines  of  Central  Colorado  and  of  the  Leadville  mining  regi 
others  giving  in  color  the  topographical  geology,  besides 
ous  geological  sections.  The  work  is  grandly  preparec 
respects  and  is  a  very  important  contribution  to  geology  ; 
science  of  mines  and  mining. 

1.  fifteenth  Annual  Report  on  the  Geological  and  1 
History   Survey    of  Minnesota  for    the  year,   1886. 
Winchell,  State  geologist.     496  pp.  8vo.     St.  Paul,  1887 
volume  consists  chiefly  of  Reports  by  Dr.  Alexander  Wi 
on  observations  in   northeastern  Minnesota,  which  is  accon 
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\  map  and  fifty-seven  structural  illustrations ;  Prof.  N.  H. 
fCHEix,  on  the  iron  ore  of  Minnesota;  and  by  Aug.  E. 
EB8TE,  notes  on  four  species  of  Hlseni.  Besides  the  valuable 
38  and  discussions  connected  with  the  iron  ores,  there  is  a 
;e  amount  of  facts  bearing  on  the  relations  of  granite  and  the 
xriated  schistose  rocks,  (gneiss  and  mica  and  hydromica 
»st),  which  go  far  in  the  way  of  elucidating  the  conditions  of  ori- 
of  granite  and  the  associated  schists.  The  accompanying  fig- 
s  are  highly  instructive.  There  is  much  in  the  report  which 
>logist8  will  find  it  profitable  to  study. 

\.  New  York  Paleontology :  Vol.  vl9  Corals  and  Bryozoa, 
Uaining  descriptions  and  figures  of  species  from  the  Lower 
irterberg,  Upper  Hdderberg  and  Hamilton  Oroups;  by  Jambs 
lll,  State  Geologist  and  Paleontologist,  assisted  by  Gbobge 
Simpson.  208  pp.  8vo,  with  sixty-seven  lithographic  plates, 
of.  Hall  has  here  added  another  to  the  long  series  of  volumes 
the  Paleontology  of  New  York.  The  number  of  species  de- 
ibed  is  371,  and  of  these  328  are  figured  on  the  plates.  Prof, 
til  states,  in  his  prefatory  remarks,  that  about  100  additional 
ecies  he  has  studied  and  had  drawn,  which  he  could  not  add  to 
b  present  volume  on  account  of  the  restriction  limiting  its  ex- 
it The  illustrations  of  the  species  are  beautiful,  and  the  voi- 
le  a  great  contribution  to  paleozoic  paleontology  and  espe- 
illy  to  the  department  of  Bryozoans. 

9.  Annual  Report  of  the  Geological  Survey  of  Pennsylvania, 
r  1886,  by  the  State  Geologist  574  pp.  8vo. — This  volume, 
irt  1  of  the  report,  treats  of  the  Pittsburgh  Coal  Region,  and  has 
«n  prepared  as  regards  the  geological  structure,  by  E.  V. 
hmlliers;  the  general  mining  methods  of  the  Pittsburgh  Coal 
pgion,  by  Selwyn  Taylor ;  the  mining  methods  practised  by 
estmoreland  Coal  Co.,  Irwin,  Pa.,  by  A.  N.  Humphreys, 
igineer;  and  the  character  and  distribution  of  Pennsylvania 
ants,  by  L.  Lesquereux.  The  subjects  of  the  other  parts  yet  to 
f  issued,  are :  II,  Oil  and  Gas  region ;  III,  Anthracite  Coal 
gion ;  IV,  Miscellaneous  Reports.  A  large  colored  geological 
&p  of  Southwest  Pennsylvania,  with  special  reference  to  the 
ituburgh  Coal  bed,  accompanies  the  report. 

10.  Fossil  Mammals  from  the  White  River  formation  contained 
the  Museum  of  Comparative  Zoology.     Bull.  Mus.  Comp. 

x>l,  xiii,  No.  5,  1887. — Messrs.  W.  B.  Scott  and  H.  F.  Osborn 
'represent  an  abstract  of  a  detailed  memoir  in  course  of  prepa- 
*i<m.  Besides  a  number  of  species  first  described  by  Dr.  Leidy, 
ere  are  here  included  notices  of  the  new  species  Hycenodon 
otocephalus  Scott,  Hyotherium  americanum,  Menodus  ticho- 
w,  M.  dolichoceraSy  M.  pkttyceras,  and  a  restoration  of  M. 
tatftt  (THtanotherium)  on  plate  II ;  Metamynodon  planifronsf 
lyraeoaon  major,  H.  planiceps.  Plate  I  gives  a  restoration  of 
tophphoneus  (Drepanodon)  prima3vas  Leidy,  one-fourth  the 
ttual  size.    Many  wood-cuts  also  illustrate  the  paper. 
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1 1.  Diatotnaceous  Earth  in  Nebraska. — In  a  soft,  chalky  rock 
of  Tertiary  ago  near  Scotia,  Greeley  County,  Nebraska,  there  an 
numerous  diatoms.     I  have  seen  entire  specimens,  or  well  charac- 
terized fragments,  of  the  following  species:  Navicula  cuspidate, 
Cocconema    lanceolatum,   Amp  hi  pleura  sigmoidea,   Pinnularxa 
radiosa,  Aritz8chia  longissima,  Nitzschia  sigmoidea.    Mr.  F.  W, 
Russell,  who  kindly  furnished  me  a  specimen  of  the  rock,  report! 
that  the  stratum  is  twenty  feet  in  thickness  near  the  base  of  a 
cliff  seventy-five  feet  high  on  the  North  Loup  river.     The  diatoms 
form  hut  a  small  proportion  of  the  whole  mass  of  rock,   i»  k.  h. 

University  of  Nebraska,  Oct.  6th,  1887. 

12.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake 
Agassiz  ;  by  War  hex  Upham.  8vo.  1887.  Bull.  U.  S.  GwL 
Survey,  No.  39. — An  important  paper  by  Mr.  Upham,  who  hu 
studied  more  than  any  other  geologist  the  Winnipeg  Lake  region 
with  reference  to  its  ancient  drainage.  The  memoir  is  accom- 
panied by  a  map  of  part  of  Dakota,  Minnesota  and  Manitoba. 

13.  Supposed  diamonds  in  a  Meteorite. — It  is  stated  (Natmd 
Dec.  1)  that  a  meteoric  stone,  which  fell  at  Krasnosloliodak,  ia 
Russia,  on  September  4,  1886,  has  yielded  a  number  of  smiU 
granules  having  the  hardness,  density  and  other  characters  of  the 
diamond  and  believed  to  be  that  mineral.  It  is  interesting  to 
note  in  this  connection,  the  cubic  form  of  graphitic  carbon  called 
cliftonite,  from  the  meteoric  iron  of  YoungoVgin,  by  Fletcher, 
and  which  he  suggested  might  perhaps  be  pseudomorphous  after 
diamond  (this  Journal,  Sept.,  1887). 

14.  Cryptolite. — Mallard  has  shown  recently  that  the  rare  cerium 
phosphate,  cryptolite,  occurring  in  minute  crystals  embedded  ia 
apatite  from  Norway,  has  the  form  of  monaute  and  is  doubtless 
to  be  referred  to  that  species. 

15.  Grnmlris*  der  Edehteinkxinde  von  Dr.  P.  Groth.  165  pp- 
8vo,  with  a  colored  plate.  Leipzig,  1887  (Wm.  Engelmann). — 
Professor  Groth  has  found  time,  among  his  more  serious  doties, 
to  prepare  this  attractive  little  volume  on  the  properties  of  the 
gems.  His  experience  as  a  writer  and  teacher  has  enabled  him 
to  present  the  subject  more  systematically  and  intelligibly,  than 
has  hitherto  been  done. 

10.  lit  vista  di  Mineralogta  e  Cristallografia  Italia  na,  dirdk* 
da  It.  Pankiiiaxco,  vol.  i,  81  pp.,  with  3  plates.  Padua,  1887.— 
The  latest  addition  to  mineralogieal  publications  is  this  Italia*1 
review  which,  judging  from  the  first  volume  is  of  much  more  than 
local  interest.  Among  its  contents  mav  be  mentioned  well  illns- 
trated  papers  on  cclestite,  zircon,  and  datohte. 

17.  Catalogue  of  all  recorded  Meteorites,  with  a  description  ot 
the  specimens  in  the  Harvard  College  collection  including  the 
cabinet  of  the  late  J.  Lawrence  Smith,  by  Oliver  Whippy 
Huntington,  Ph.D.  From  the  Proceedings  of  the  American 
Academy  of  Arts  and  Sciences,  vol.  xxiii,  pp.  37-110,  with  ffre 
plates. — Since  the  acquisition  of  the  cabinet  of  Dr.  Smith,  the 
Harvard  collection  of  meteorites  has  taken  a  prominent  place 
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nong  the  great  collections  of  the  world,  and  this  fact  makes  the 
italogue,  carefully  prepared  and  annotated  by  Dr.  Huntington, 
F  great  and  general  interest. 

18.  A  Chapter  in  the  History  of  Meteorites,  by  the  late  Walter 
'light.  223  pp.  8vo,  with  seven  plates.  London,  1887  (Dulau 
b  Co.). — This  volume  is  for  the  most  part  a  republication  of 
>apers  by  Dr.  Flight,  giving  a  digest  of  a  large  number  of 
nemoirs  on  meteorites  since  1868.  It  is  thus  a  continuation  of 
die  works  of  Buchner  and  Rammelsberg,  and  to  the  student  of  the 
subject  and  to  the  collector  it  is  of  high  value.  It  is  to  be  hoped 
that  it  may  be  widely  distributed  not  only  for  the  sake  of  making 
its  author  better  known  who  was  so  early  arrested  in  his  active 
scientific  life,  bat  also  because  the  proceeds  are  to  go  to  increase  the 
amount  of  the  Ilight  Fund,  which  is  being  raised  for  the  benefit 
of  bis  family. 

10.  Das  pflanzenphynologische  PrahtiJcum;  by  Professor  Dbt- 
HERof  Jena.  Jena,  1888,  8vo,  pp.  352.— Vegetable  Physiology 
takes  its  appliances  for  research  from  Chemistry  and  Physics. 
Many  of  the  special  methods  of  using  these  appliances  with  the 
least  expenditure  of  time  and  labor,  and  with  the  greatest  cer- 
tainty of  securing  trustworthy  results,  were  brought  together  in 
a  useful  handbook  long  since  out  of  print,  namely  Sachs'  Experi- 
mental-Physiologie  der  Pflanzen.  Since  the  date  of  that  work, 
1865,  many  new  methods  have  been  introduced,  and  new  fields 
of  investigation  have  been  opened.  It  seems,  therefore,  quite 
time  that  some  compendious  and  yet  convenient  treatise  should 
be  available  to  teachers  and  studeuts,  in  which  modern  methods 
of  experimental  research  in  this  interesting  department  should  be 
clearly  described. 

By  the  lectures  by  Sachs  and  by  Pfeffer,  and  by  the  small 
treatise  by  Bretfeld,  a  student  is  placed  in  possession  of  refer- 
ences to  the  memoirs  giving  details  of  researches  in  the  different 
Csof  the  subject,  but  there  does  not  appear  to  be.  any  single 
ibook  for  laboratory  practice  which  covers  the  ground  of  the 
present  work.  The  subject  is  divided  into  the  two  parts,  (1) 
Nutrition,  (2)  Growth  and  Movements.  As  might  be  naturally 
expected  the  author  has  given  some  description  of  what  he 
regards  the  most  desirable  single  method  for  investigating  each 
minor  point,  but  in  many  instances  the  methods  are  merely  de- 
scribed without  critical  examination  of  their  merits  or  faults.  Per- 
haps this,  on  the  whole,  is  all  the  better  for  any  student  who  might 
be  led  thereby  to  distrust  a  method  until  he  had  for  himself  ex- 
amined rival  methods  not  here  referred  to,  but  it  would  be  all 
the  worse  for  any  student  who  should  confine  himself  to  the  sin- 
gle methods  here  detailed.  The  latter  course  would  inevitably 
lead  to  superficiality.  But  in  the  hands  of  a  judicious  teacher 
the  treatise  can  be  made  of  great  assistance. 

One  of  the  charms  of  Strasburger's  "  Practicum,"  consists  in 
the  almost  colloquial  minuteness  with  which  all  possible  difficul- 
ty are  explained,  to  the  student  of  histology ;  the  present  trea- 
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tise  lacks  that  charm.  Many  a  student  who  uses  it  will  be  likely 
to  lose  his  interest  in  experimenting,  when  he  finds  that  some 
trifling  direction  has  been  omitted  by  which  success  could  have 
been  secured.  No  handbook  dealing  with  manipulation  should 
fail  to  give  even  fussy  details,  rather  than  leave  the  student  to 
find  out  all  such  minor  points  of  practice  for  himself. 

Although  we  miss  a  good  many  excellent  methods  which  should 
find  place  in  a  work  of  this  sort,  it  is  nevertheless  a  valuable  aid 
in  the  laboratory.  The  illustrations  are  numerous  and  excellent 
It  is  to  be  regretted  that  the  work  has  no  index.  o.  l.  g. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  Proceedings  of  the  Colorado  Scientific  Society,  toI.  ii,  part 
2,  1886,  153  pp.  8vo.  Denver,  Col.  (published  by  the  Society).— 
The  Colorado  Society,  though  somewhat  removed  from  the  chief 
scientific  centers  has  shown  an  admirable  spirit  in  the  amount  and 
excellence  of  the  scientific  work  it  has  called  out.  This  closing 
part  of  volume  ii  contains  a  series  of  papers  chiefly  geological 
and  mineralogical.  Mr.  P.  H.  Van  Diest  describes  the  telluride 
veins  of  Bowlder  county,  with  an  excellent  map.  A  paper  by 
Charles  G.  Slack  follows  on  the  artesian  wells  of  Denver ;  these 
wells  number  about  200,  furnishing  about  3,000,000  gallons  daily, 
they  draw  their  water  from  sandstone  or  shale  layers,  from  a  few 
inches  to  80  feet  in  thickness,  at  varying  depths  down  to  900  feet 
Mr.  S.  F.  Emmons  furnishes  notes  on  some  Colorado  ore  deposit*. 
Mr.  W.  Cross  on  the  Cimarron  land-slide  of  July,  1886;  Mr.  R 

C.  Hills  on  the  circulation  of  water  through  the  strata  of  the 
Upper  Cretaceous  Coal-measures  of  Gunnison  county.     There  are     ^ 
also  a  number  of  mineralogical  articles,  several  of  which  have     j 
been  printed  in  this  Journal. 

2.  Relative  Proportions  of  the  Steam  Engine,  being  a  rational 
and  practical  discussion  of  the  dimensions  of  every  detail  of  the 
steam  engine,  by  W.  I).  Marks,  3d  edition,  revised  and  enlarged. 
295  pp.  8vo.  Philadelphia,  1887  (J.  B.  Lippincott  Company).— 
A  new  and  considerably  enlarged  edition  of  this  excellent  manual 
will  be  acceptable  to  all  interested  in  the  steam  engine.  The  chief 
additions  are  in  an  important  line,  being  an  attempt  on  the  part 
of  the  author,  approaching  the  subject  both  from  the  mathemati- 
cal and  practical  side,  to  develop  the  laws  of  the  condensation  of 
steam  within  the  steam  cylinder. 

3.  Modern  American  Methods  of  Copper  Smelting /  by  Edw. 

D.  Petkrs.  342  pp.,  large  8vo.  New  York,  1887.  (Scientific 
Publishing  Company.) — The  author  gives  here  a  practical  and 
detailed  description  of  the  methods  employed  in  this  country  for 
smelting  copper,  adding  more  than  usual  of  minute  directions  and 
with  many  useful  data  as  to  the  actual  cost.  The  volume  will  be 
valuable  to  the  student  and  still  more  to  the  practical  worker. 

OBITUARY. 

Ferdinand  Vandeveer  Hayden.— Dr.  Hayden,  for  many 
years  at  the  head  of  Government  Exploring  Expeditions  in  the 
Kocky  Mountain  region,  and  the  author  of  various  geological 
papers,  died  on  the  22d  of  December,  in  his  59th  year.  A  notioe 
of  Mb  special  scientific  work  \a  nece*%ax\Vj  fafetro&. 
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Aw.  VI. — Notice  of  a  New  Genus  of  Sauropoda  and 
other  new  Dinosaurs  from  the  Potomac  Formation ;  by 
0.  C.  Marsh. 

The  variegated  red  and  gray  clays  which  form  so  conspic- 
uous a  feature  in  their  outcroppings  between  Baltimore  and 
Washington  have  long  been  a  puzzle  to  geologists.  They  have 
been  supposed  to  be  Mesozoic,  but  as  no  characteristic  fossils 
kd  been  found  at  the  typical  localities,  or  in  the  known 
extensions  of  the  deposits,  their  true  age  was  uncertain.  They 
we  evidently  above  the  red  Triassic  sandstones,  and  are  sup- 
posed to  pass  into  clays  which  extend  beneath  the  Cretaceous 
fturisof  New  Jersey. 

The  United  States  Geological  Survey  has  named  these 
"problematic  deposits  the  Potomac  formation,  and  the  Director 
lecently  requested  the  writer  to  institute  a  special  search  for 
▼ertebrate  fossils,  to  solve,  if  possible,  the  question  of  its  age. 

:  B»  field  work  was  intrusted  by  the  writer  to  Mr.  J.  JB. 
Httcher,  whose  experience  in  the  West  has  especially  fitted 
him  for  it.    The  results  of  two  months'  investigation  prove  that 

|  fheoe  deposits,  so  long  supposed  to  be  nearly  or  quite  destitute 
of  fossils,  contain  a  rich  vertebrate  fauna,  apparently  of  Upper 
Juianc  age,  but  quite  distinct  from  any  hitherto  discovered  in 
flue  country. 
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The  most  abundant  fossils  obtained  are  remains  of  Dinosanriu 
reptiles,  three  orders  of  which  are  represented,  and  in  the  pm- 
ent  article.  soiue  of  the  new  forma  are  described.  Associated 
with  these  are  remains  of  crocodiles  and  tortoises,  also  of 
Jurassic  types,  some  tislies,  and  a  few  mollnsks.  A  number 
of  plants  have  been' found,  mainly  conifers  and  cycads.  Tie 
strata  containing  these  fossils  are  evidently  of  lacustrine  origin. 

Pkurocorlttt  nanus,  gen.  et  sp,  nov. 

The  most  common  fossils  secured  thns  far  from  the  Fotooue 
formation  are  the  remains  of  a  small  Dinosaur  which  clearly 
belongs  to  the  Sauropoda,  but  is  by  far  ihe  most  diminutive 
member  of  this  group  yet  discovered.  Portions  of  the  stall 
vertebra;,  and  limb  bones  of  several  individuals  have  been 
obtained,  and  these  agree  so  nearly  that  they  may  be  referred 
to  one  species.  Tbey  differ  somewhat  in  size,  owing  sppir- 
entry  to  a  difference  in  age. 

In  comparing  these  remains  with  the  Sauropoda  now  known, 
they  appear  to  resemble  most  nearly  those  of  the  genus  Jfew- 
saurus,  so  well  represented  in  the  upper  Jurassic  of  the  Rocky 
Mountain  region.  A  careful  comparison,  however,  shows  that 
they  belong  to  a  distinct  genus.  The  teeth  are  of  the  same 
general  type  as  those  of  Morosaurut,  but  their  crowns  ire 
mainly  compressed  cones,  and  not  spoon-shaped.  The  dentiry 
bone  is  slender,  and  rounded  at  the  symphysis,  instead  of  hiv- 
ing the  massive,  deep  extremity  seen  in  Morosaurus.  The 
maxillary  is  also  lighter,  and  less  robust.  The  snpra-occipiul 
agrees  closely  in  shape  with  that  of  MorwauritB,  and  forms  the 
upper  border  of  the  foramen  magnum,  as  in  that  genus. 

Fig.  2. 


rjoriml  vertebra  of  Pk<trora-''ti  nanus,  Marsh :  side  view. 
FlOUKE  2.    Thn  same  vertebra;  posterior  view. 

Eioth  figures  are  une-halt  natural  size. 

The  cervical  and  dorsal  vertebra}  are  elongate,  and  strong  ■ 
opisthocuLiloiiH.     The  latter  are  much   longer  than  the  corr-* 
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iding  vertebrae  of  M'orosaurus,  and  have  a  very  long,  deep 
ity  in  each  side  of  the  centrum,  to  which  the  proposed  genr 
0  name  refers.  All  the  trunk  vertebrae  hitherto  found  are 
jportiooately  nearly  double  the  length  of  the  corresponding 
ltra  of  Moro8Mtru8,  and  the  lateral  cavity  is  still  more  elon- 
te.  These  points  are  shown  in  the  posterior  dorsal  vertebra 
presented  in  figures  1  and  2.  The  neural  arch  in  this  region 
lightened  by  cavities,  and  is  connected  with  that  of  the 
joining  vertebra:  by  the  diplosphenal  articulation. 
The  sacral  vertebras  in  fleurbcalue  are  solid,  as  in  Morosau- 
w,  but  much  more  elongate.  The  surface  for  the  rib,  or 
ocess  which  abuts  against  the  ilium,  is  well  iu  front,  more  so 
an  in  any  of  the  known  Sauropoda.  Behind  this  articu- 
r  surface,  is  a  deep  pit,  which  somewhat  lightens  the  een- 
om  These  characters  are  seen  in  the  sacral  vertebra  repre- 
nted  in  figures  3  and  4. 


FlQUIIB  3.     Sacral  vertebra  of  Pleuroctxlus  nanus,  Harsh;  Bide  view. 
Fiscal  4.    The  game  vertebra  ;  posterior  view, 

Both  figures  are  one-hair  natural  size. 

The  first  caudal  vertebra  has  the  centrum  very  short,  and 
j  two  articular  faces  nearly  flat,  instead  of  having  the  an- 
rior  surface  deeply  concave,  as  in  the  other  known  Sauro- 
tda.  The  neural  spines  in  this  region  are  compressed  trans- 
wsely.  The  middle  and  distal  caudals  are  comparatively 
art,  and  the  former  have  the  neural  arch  on  the  front  half 
[the  centrum,  as  shown  in  figures  5  and  6. 
Pia.  6.  Fib.  s. 


ft«m  G.    Caudal  vertebra  ot  Plewoea&wi  nanus,  Mare 
riDDu  e.    The  same  vertebra;  superior  view. 

Both  figures  are  one-half  natural  size. 
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The  bones  of  the  limbs  and  feet  preserved,  agree  in  gene- 
ral with  those  of  the  smaller  species  of  Moro&auru*,  but  indi- 
cate an  animal  of  slighter   and  more  graceful   build.     The  j 
xnetapodials  are  much  more  slender,  and  the  phalanges  are  lea  ] 
robust  than  in  the  other  members  of  the  order. 

The  known  remains  of  the  present  species,  representing  sev- 
eral individuals,  indicate  an  animal  not  more  than  twelve  or 
fifteen  feet  in  length,  and,  hence,  the  smallest  of  the  Saw* 
poda.  They  were  found  at  several  localities  of  the  Pototnae 
iormation  in  Prince  George  Co.,  Maryland. 

Regarding  the  present  species  as  typical,  some  of  the  more 
special  characters  distinguishing  these  remains  from  the  knows 
Sauropoda  are  as  follows  : 

(1)  Teeth  with  compressed,  or  flattened  crowns. 

(2)  Dorsal  vertebrae  with  low  neural  sutures,  and  elongife 
excavation  in  each  side  of  centrum. 

(3)  Sacral  vertebrae  solid,  with  cavity  in  each  side,  and  with 
face  for  rib  in  front. 

(4)  Anterior  caudak  with  flat  articular  faces,  and  transversely 
compressed  neural  spines. 

(5)  Middle  caudal  vertebrae  with  neural  arch  on  front  half 
of  centrum. 

These  characters  appear  to  indicate  a  distinct  family,  thai 
may  be  called  the  JPleurocadidm. 

Pleuroccelu8  attics,  sp.  nov. 

A  larger  species  apparently  of  the  above  genus  is  represented 
by  various  remains  from  the  same  localities  as  the  specimen 
just  described.  A  tibia  and  other  limb  bones  show  the  ani- 
mal to  have  had  elongated  posterior  extremities,  at  least  a  thirl 
longer,  proportionately,  than  in  Marosaurusy  which  these  re- 
mains, in  some  respects,  clearly  resemble. 

The  tibia  has  the  proximal  end  compressed  transversely,  with 
its  outline  6ub-rhomboidaL     The  cnemial  crest  is  well  devel- 
oped.    The  6haf  t  is  solid  throughout,  with  the  exception  of  a 
very  small  cavity  near  the  middle,  and  here  it  is  sub-ovate  to  | 
transverse  section.     The  distal  end  is  much  flattened  anteio- 
posteriorly,  and  the  notch  in  the  articular  face,  characteristic  of 
the  Sauropoda,   is   well  marked.      This  tibia  is   twenty-fit* 
inches  (M.  '635)  in  length,  with  its  proximal  end  seven  inches 
(M.  177)  in  fore  and  aft  diameter,  and  the  distal  end  six  inches 
(M.  *152)  in  transverse  diameter.     Both  extremities  are  rugose, 
indicating    a   heavy  covering  of  cartilage.     The  fibula  is  maa- 
sive,  and  its  distal  end  somewhat  expanded.    J?he  astragaltt 
was  free,  and  is  wanting  in  the  present  specimen. 
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Rriamodon  eratwt,  gen.  et  sp.  nov. 
rhe  existence  of  another  herbivorous  Dinosaur  in  the  same 
rizon  of  the  Potomac  formation  is  indicated  by  a  number  of 
igmentary  remains,  the  most  characteristic  of  which  is  the 
Ah.  figured  below.  This  may  be  regarded  as  the  type  speci- 
al. Although  resembling  somewhat  the  teeth  of  Diracotidon 
Dm  the  Jurassic  of  the  West,  it  is  quite  distinct.  It  has  the 
now  neck,  swollen  base,  and  flattened  crown  of  that  genus, 
it  the  serrated  edges  meet  above  at  a  sharp  angle,  instead  of 
Ruing  a  wide  carve  at  the  apex. 

Via.  7.  Fio.  8. 


htOEM  9.    n»  Mine;  inside  view. 

All  the  fignrae  are  twice  natural  size. 

The  surface  shown  in  figure  7  is  much  worn  by  the  opposing 
oth.  In  figure  9,  the  pit  formed  by  the  succeeding  tooth  is 
an  near  the  top  of  the  fang. 

The  other  remains  at  present  referred  to  this  species  were 
t  found  with  this  tooth,  and  hence,  their  relations  to  it  are 
tcertain.    They  will  be  described  more  fully  elsewhere. 
All  the  remains  supposed  to  pertain  to  this  animal  are  from 
e  Potomac  formation,  Prince  George  Co.,  Maryland. 

AUotauru*  mediw,  sp.  nov. 

Betides  the  herbivorous  Dinosaurs  described  above,  remains 
:  two  carnivorous  forms  were  secured  from  the  same  horizon, 
be  larger  of  these,  which  may  be  provisionally  referred  to  the 
■mi  AUoeavrus,  is  represented  by  various  specimens,  the 
ost  characteristic  of  which  are  teeth,  and  bones  of  the  limbs 
d  feet.  The  teeth  are  remarkably  flat  and  trenchant,  with 
b  edges  finely  serrated,  and  the  surfaces  very  smooth.  The 
lb  bones,  and  even  the  phalanges,  are  unusually  hollow,  and 
t  latter  have  the  articulations  finely  'finished.  The  principal 
nensions  of  some  of  the  parts  preserved  are  as  follows : 
One  tooth  has  the  crown  30*™  in  height ;  its  antero-poste- 
r  dtometer  at  base  15™ ;  and  its  transverse  diameter         "~~ 
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The  astragalus  is  55mm  in  width ;  and  SO™  in  fore  and 
aft  diameter. 

A  first  phalanx  of  the  hind  foot  is  §0°**  in  length. 

These  specimens  would  indicate  an  animal  ten  or  twelve  feet 
in  length. 

These  remains  are  from  the  same  horizon  and  localities  II 
those  above  described. 

Ccelurus  gracilis,  sp.  nov. 

The  smallest  Dinosaur  found  in  these  deposits  is  a  very  <fr  ] 
minitive  carnivore,  apparently  belonging  to  the  genus  Ccdurw, 
It  was  not  more  than  one-half  the  size  of  the  western  speciea,  i 
and  its  proportions  were  extremely  slender.     The  bones  an  ; 
very  light  and  hollow,  the  metapodials  being  much  elongated, 
and  their   walls  extremely  thin.     An  ungual  phalanx  of  the  • 
manus  measures  about  25mm  in  length ;   and  14mm  in  verticil 
diameter  at  the  base. 

This  animal  could  not  have  been  more  than  five  or  six  feet 
in  length.  The  known  remains  are  from  the  same  horizon  as 
those  above  described. 

All  the  specimens  described  in  the  present  article  were 
found  by  Mr.  J.  B.  Catcher,  of  the  U.  S.  Geological  Survey, 
and  the  writer's  able  field  assistant  in  paleontology. 

The  fossils  here  described,  and  others  from  the  same  horizon, 
seem  to  prove  conclusively  that  the  Potomac  formation  in  iti 
typical  localities  in  Maryland  is  of  Jurassic  age,  and  lacustrine 
origin.  There  is  evidence  that  some  of  the  supposed  northern 
extensions  of  this  formation,  even  if  of  the  same  age,  are  <& 
marine,  or  estuary  origin. 

Yale  College,  New  Haven,  Conn.,  Dec.  23,  1887. 


Art.  VII. — Notice  of  a  New  Fossil  Sirenian,  from  California} 

by  O.  C.  Marsh. 

In  exploring  a  Tertiary  deposit  in  California  a  few  year* 
since,  the  writer  obtained  several  teeth  of  a  large  mammal,  very 
distinct  from  anything  liitherto  discovered  in  this  country- 
Other  specimens  were  subsequently  secured,  and  with  then** 
a  number  of  vertebrae,  apparently  pertaining  to  the  same  ani- 
mal which  is  described  below.  The  associated  vertebrate  fo^ 
sils  were  a  large  edentate  (JJorotAerivm),  a  mastodon,  a  camel* 
and  one  or  more  extinct  species  of  the  horse,  all  indicating  tb* 
Pliocene  age  of  the  strata  m  which  they  were  entombed. 
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Deanostylu*  kapertu,  gen.  el  sp.  no  v. 

The  remains  known  of  the  present  species  indicate  an  animal 
boat  fifteen  feet  (M.  4'5)  in  length,  and  of  robust  proportions. 
Tie  moat  characteristic  parts  preserved  are  the  molar  teeth, 
rhich  are  composed  of  a  number  of  vertical  columns,  closely 
rased  together,  and  in  adult  animals,  firmly  united  at  their 
rases.  These  columns  are  thickly  invested  with  enamel, 
rhich  is  rugose  externally.  Inside  the  enamel,  is  a  body  of 
lentine,  in  which  there  is  a  central  cavity. 

In  immature  teeth,  the  columns  are  nearly  round,  and  loosely 
raited,  bnt  as  they  increase  in  size,  they  press  together,  and  be- 
»me  more  or  less  polygonal  in  cross  section.  Before  being 
rom,  they  have  their  summits  smooth  and  convex,  but  after 
nme  use,  the  center  of  each  column  presents  a  rounded  eleva- 
lion,  well  shown  in  the  figures  below.  This  is  dne  to  the 
airier  material  forming  the  walls  of  the  central  cavity.  As 
ibis  apex  is  removed  by  farther  wear,  the  cavity  is  reached,  aud 
this  central  opening  increases  in  size  as  the  tooth  is  shortened 
by  attrition. 


Fig  ens  2 


Part  of  tooth  of  Detmoslylus  haperut.  Marsh ;  e 
The  same  specimen;  seen  from  above. 
The  siimo  specimen ;  inner  surface. 
All  the  figures  are  natural  size. 


The  specimen  figured  is  apparently  the  posterior  portion  of 
*  molar  tooth.  The  three  columns  shown  are  much  smaller 
Ijui  the  average,  not  half  as  large  as  some  others  found  with 
wem,  and  probably  belonging  to  the  same  individual.  The 
number  of  columns  in  a  single  tooth  is  uncertain,  but  there  are 
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indications  of  at  least  twelve  or  fifteen,  and  perhaps 
There  were  both  upper  and  lower  molar  teeth  01  similar 
ure,  but  the  rest  of  the  dentition  is  unknown. 

One  of  the  best  preserved  specimens  found  with  these 
is  a  lnmbar  vertebra,  which  is  noticeable  for  the 
flatness  of  its  articular  surfaces.    The  sides  of  the  cent 
meet  below,  forming  an  obtuse  median  keel.    The  centrum 
this  vertebra  has  a  length  of  Sd1001 ;  the  vertical  diameter  of 
anterior  face  is  {JO""11,  and  its  transverse  diameter  107"*. 

The  known  remains  of  this  animal  are  from  Alameda 
California,  and  are  preserved  in  the  museum  of  Tale  Col 
The  type  specimen  was  found  by  Dr.  L.  G.  Yates. 

The  nearest  affinities  of  this  peculiar  Sirenian  are  pro! 
with  Metafaxytherium  of  Christol,  from  the  Tertiary  of  Euro] 
and  its  nearest  living  allies  may,  perhaps,  be  found  in  the    " 
Halicore. 

Yale  College,  New  Haven,  Conn.,  Dec  23,  1881. 
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•.  VIII. — Seis7noscopes  <md  Setsmological  Investigations]; 

by  T.  C.  Mendenhall.* 

Seismology  as  a  science,  or  at  least  as  an  observational  and 
imental  science,  may  be  said  to  be  the  product  of  the  past 
or  fonr  decades.  It  is  true  that  before  as  well  as  during 
period  some  important  applications  of  the  statistical  method 
investigation  were  made  and  the  distribution  of  earthquakes 
time  and  space  was  thoroughly  studied.  These  investigations 
of  really  nigh  value,  although  they  have  generally  resulted 
the  overthrow  of  certain  hypotheses  which  were  constantly 
tring  as  to  the  correlation  of  these  displays  of  seismic  en- 
with  other  natural  phenomena ;  so  that  while  it  may  be 
that  little  is  yet  known  concerning  the  real  nature  and  ori- 
of  earthquakes,  much  useful  work  has  been  done  in  the  way 
elimination  and  possibly  a  reduction  of  the  number  of  un- 

quantities  involved. 
The  new  phase  which  the  science  has  assumed  may  perhaps  be 
described  by  saying  that  the  modern  seismologist  studies  an 

auake,  rather  than  earthquakes.     In  fact  this  is  one  of  a 
erable  group  of  problems  primarily  geological  in  their 
to  which,  in  recent  years  dynamical  principles  and  phys- 
methods  have  been  applied.    The  knowledge  of  first  im- 
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portance  in  regard  to  an  earthquake  is  the  knowledge  of  the 
nature  and  location  of  its  origin  and  it  is  generally  admitted 
that  this  can  be  obtained  only  through  the  study  of  individual 
instances.  The  natural  method  is  to  proceed  from  the  known 
effect  to  the  unknown  cause,  and  for  a  time  progress  in  seis- 
mology consisted  largely  in  painstaking  and  laborious  investi- 
gations of  the  destructive  effects  of  earthquakes  from  which  it 
was  believed  a  knowledge  of  their  ultimate  origin  might  be 
deduced.  Little  in  the  way  of  experiment  had  been  attempted 
and  nothing  was  known  of  the  really  complex  motion  of  the 
earth-particle  when  subjected  to  the  influence  of  an  earthquake 
wave.  False  assumptions  were  made  with  regard  to  this  motion 
and  erroneous  and  perplexing  conclusions  resulted.  The  great 
work  of  Mallet  on  the  Neapolitan  Earthquake,  although  of 
much  importance  in  its  day,  and  always  a  monument  to  his  in- 
dustry and  devotion  to  the  science,  can  not  now  be  considered 
as  of  any  great  value  as  a  solution  of  the  problems  involved. 

The  importance  of  earthquake  measurements  by  means  of 
specially  constructed  instruments  was  recognized  by  Mallet, 
however,  and  he  undertook  the  design  and  construction  of  such 
instruments  at  an  early  date.     The  problem  seemed  at  first  easy, 
but  investigation  proved  it  to  be  of  considerable  difficulty.    In 
a  general  review  of  the  state  of  the  science  in  his  report  to  the 
British  Association  in  1858  Mallet  says,*  "twelve  vearsagothe 
construction  of  seismometric  instruments  appeared  a  compara- 
tively easy  matter.     It  is  only  at  a  very  recent  period  that 
experiments  and  observations  as  to  the  actual  phenomena,  the 
velocity  and  direction  of  the  shock,  etc.,  have  begun  to  show  the 
real  difficulties  of  the  subject."     But  even  at  this  time  Mallet 
failed  to  recognize  the  true  nature  of  the  disturbance  produced 
by  an  earthquake,  and  the  several  seismometers  which  he  de- 
vised, and  which  will  be  found  described  in  the  report  already 
referred  to,  are  practically  of  no  value.     One  of  them,  which 
was  extremely  elaborate  in  its  construction,  he  considered  com- 
petent to  furnish,  from  a  single  station,  all  of  the  elements 
necessary  for  the  determination  of  the  seismic  focus.    Another, 
the  arrangement  of  two  rows  of  cylinders  of  varying  diame- 
ters in  lines  at  right  angles  to  each  other,  is  probably  the  most 
widely  known  of  all  earthquake  machines  as  it  is  described  i& 
many  encyclopaedic  articles  and  treatises  on  Geology  in  which 
the  subject  is  discussed.     It  may  be  said,  however,  that  a  mor^ 
useless  device  has  never  been  proposed. 

A  notable  advance  in  our  knowledge  of  the  subject  and 
ticularly  of  instrumental  Seismology  has  been  made  during  t^ 
last  half  dozen  years  and  it  must  be  largely  attributed  to  tte* 

*  On  the  Facts  and  Theory  of  Earthquake  Phenomena — Report  of  the  Bri^^* 
Association.  1853. 
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rganization  and  active  operations  of  the  Seismological  Society 
f  Japan.  Earthquakes  are  there  so  frequent  that  a  rare  oppor- 
mitv  for  their  study  is  offered.  A  few  foreigners  temporarily 
aiding  in  the  country,  together  with  a  number  of  native 
diolars,  joined  in  the  prosecution  of  seismic  investigations  and 
i  the  establishment  of  the  Society.  Its  published  transactions, 
lready  filling  ten  volumes,  contain  nearly  all  of  seismology  that 
3  in  advance  of  the  old  methods.  Progress  has  been  made 
aostly  in  the  direction  of  improvement  in  seismographs,  arid  is, 
n  a  great  degree,  due  to  better  methods  for  securing  the  very 
lesirable  "  steady  point "  and  to  a  recognition  of  correct  dynam- 
ical principles  in  the  construction  of  the  instruments. 

The  well  known  horizontal  pendulum  or  "bracket"  seis- 
mographs of  Ewing,*  Gray,f  Milne  and  others,  have  greatly 
increased  our  facilities  for  research  and,  in  fact,  have  afforded 
about  the  only  fairly  reliable  information  concerning  the  real 
movement  of  the  earth-particle. 

Notwithstanding  the  comparative  inf requency  of  earthquakes 
in  the  United  States,  many  advantages  for  their  6tudy  are  offered 
here.  Among  others  may  be  mentioned  the  following:  the 
great  extent  of  country  which  could  be  brought  under  one  sys- 
tem of  observations ; — a  generally  intelligent  population,  f  ur- 
nishing  a  corps  of  willing  and  reliable  observers : — the  extensive 
8T8tem  of  telegraph  lines ;  and,  perhaps  superior  to  every  other, 
the  wide  distribution  and  almost  universal  use  of  "standard 
time"  throughout  the  country.  In  consideration  of  these  ad- 
vantages and  of  the  fact  that  certain  portions  of  the  country 
appear  to  be  subject  to  occasional  seismic  disturbances,  it  has 
seemed  desirable  that  an  extended  and  well  planned  series  of 
observations  should  be  undertaken,  and  that  seismology  should 
not  be  in  the  future,  as  it  has  been  in  the  past,  a  somewhat 
neglected  science. 

Among  American  geologists  especially,  there  has  always  been 
great  interest  in  the  subject,  and  a  good  deal  has  been  written 
concerning  geological  theories  of  earthquakes.  Rockwood \  has 
done  excellent  service  in  his  publication  of  frequent  catalogues 
of  earthquakes  in  America,  together  with  such  information  re- 
garding them  as  could  be  incidentally  gathered.  But  the  first 
important  step  towards  an  elaborate  and  systematic  study  of 
earthquakes  was  taken  a  few  years  ago  by  the  Director  of  the 
I'.  S.  Geological  Survey  in  establishing  what  has  been  known 
as  the  "Earthquake  Commission"  The  work  of  this  body, 
during  its  existence,  consisted  mainly  in  the  discussion  of 
methods  of  observation,  together  with  the  preliminary  arrange- 

*  Trans.  Seis.  Society  of  Japan,  vol.  ii. 
f  Trans.  Seis.  Society  of  Japan,  vol.  iii. 
%  This  Journal,  from  1872  to  the  present  time. 
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ment  of  a  plan  of  attack  and  the  selection  of  the  most  desirable 
regions  for  the  inauguration  of  the  work.     A  scale  of  intensities 
was  adopted  and  a  series  of  questions  formulated  which  were 
printed  in  the  form  of  circulars  for  distribution  among  the  in- 
telligent observers  of  any  disturbance.     These  circulars  were 
subsequently  made  use  of  by  Captain  Dutton,  who  had  the  gen- 
eral direction  of  the  work,  and  considerable  information  con- 
cerning several  earthquakes  has  been  obtained.     The  Charleston 
earthquake  of  1886,  renewed  and  greatly  increased  the  interest 
in  the  problem.     It  was  thoroughly  investigated  by  Dutton  and 
Hayden  and  their  report*  upon  it,  presented  to  the  National 
Academy  of  Sciences  in  April,  1887,  is  of  great  value.   A* 
complete,  perhaps,  as  was  possible  under  the  circumstances,  it 
serves  to  emphasize  the  necessity  for  the  use  of  seismic  appa- 
ratus, and  causes  extreme  regret  that  instruments  had  not  been 
previously  perfected  and  put  in  operation. 

1  think  it  can  be  said  that  America  has  made  at  least  one 
really  valuable  contribution  to  the  Science  of  Seismology.  I 
refer  to  the  approximate  determination  of  the  velocity  with 
which  earthquake  waves  are  transmitted  through  the  crust  of 
the  earth.  The  unexampled  opportunities  offered  in  the  explo- 
sions at  Hell  Gate  and  Flood  Rockf  were  utilized  for  this  pur- 
pose, with  the  unexpected  and  surprising  result  of  a  rate  of 
transmission  vastly  greater  than  that  previously  obtained  bj 
European  and  Oriental  Seismologists,  and  generally  accepted  as 
fairly  accurate.  The  reduction  of  fairly  accurate  time  owero- 
tions  made  on  the  occasion  of  the  Charleston  Earthquake* 
served  to  confirm  this  conclusion  and  a  speed  of  several  thoiir 
sands  instead  of  a  few  hundreds  of  meters  per  second  must  now 
be  admitted.  Although  these  results  are  more  nearly  in  accord 
with  the  theory  of  wave  transmission,  future  determinations  of 
velocity  will  be  awaited  with  great  interest,  and  all  processes 
employed  must  be  carefully  scrutinized. 

Before  considering  a  plan  for  the  inauguration  and  main- 
tenance of  an  extensive  series  of  seisoinological  observations,  it 
will  be  well  to  inquire  what  knowledge  is  most  desirable  in 
the  interests  of  geological    investigation.     This  is  a  question 
for  geologists  to  answer ;  but  I  venture  the  assertion  that  in 
the  present  state  of  our  knowledge  of  seismology,  it  is  most 
desirable,  in  the  case  of  any  given  earthquake,  to  be  able  to 
fix  the  seismic   vertical,  or  the  epicentrum;   to  ascertain  the 
depth   at   which    the    initial    disturbance    occurred;   and  to 
measure   the   velocity  with   which    the   resulting    waves  are 
transmitted.     If  these  can  be  accurately  determined  for  differ- 
ent earthquakes,  under  varying  conditions,  some  light  may  be 

*  Science,  May  20th.  1887.  f  Science,  Jan.  8th.  1886. 

\  Science,  May  20th,  1887  ;  see  also  this  Journal,  Jan.,  1888,  pp.  1-15. 
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irown  upoD  their  ultimate  origin  and  the  magnitude  of  the 
ierj?y  involved,  while  the  study  of  velocities  of  transmission, 
)-6ei8mal  and  iso-seismal  lines,  may  afford  valuable  informa- 
on  concerning  the  nature  and  condition  of  the  rocks  within 
tie  disturbed  area.  Admitting  the  greater  importance  of  a 
aiowledffe  of  these  facts  it  follows  that  time  measurements 
hould  lirst  receive  attention,  and  that  the  seismic  chrono- 
graph is  the  instrument  to  be  used. 

The  seismograph  or  seismometer  is  designed  primarily  for 
the  purpose  01  recording  or  measuring  the  actual  motion  of 
that  part  of  the  earth  to  which  the  instrument  is  attached 
during  the  transit  of  one  or  many  waves.  In  reality  this 
motion  is  extremely  complex.  Undoubtedly  the  emerging 
wave  is  modified  very  greatly  in  its  character  by  the  lacK  of 
homogeneity  in  the  material  through  which  it  last  travels,  as 
well  as  by  the  fact  that  this  material  differs  immensely  in 
elasticity  and  density  from  that  in  which  it  has  in  the  main 
existed.  For  this  reason  it  is  believed  that  however  accurately 
the  motion  may  be  resolved  into  three  components  at  right 
angles  to  each  other  by  a  perfectly  operating  seismograph,  but 
little  information  would  be  afforded  as  to  the  position  of  the 
origin,  or  the  amplitude  of  vibration  and  amount  of  accelera- 
tion of  any  point  in  the  earth,  other  than  that  at  which  the 
instrument  is  located.  It  is  clear,  however,  that  while  these 
considerations  may  seriously  affect  the  integrity  of  the  record 
of  a  seismograph,  they  will  have  little  influence  upon  the 
actual  transmissive  time,  that  is  to  say,  while  the  character  of  a 
wave  may  be  greatly  altered  upon  emergence  into  a  non  compact- 
ed, non-homogeneous  material,  the  time  of  its  arrival  at  a  given 
point  cannot  be  greatly  altered,  even  if  its  velocity  in  this  material 
is  much  less  or  greater  than  the  mean,  for  the  reason  that  it  is 
subjected  to  this  modifying  influence  for  a  comparatively  brief 
period.  It  is  true  that  the  seismograph,  in  addition  to  register- 
tog  the  motion  of  the  earth  particle,  may  and  generally  does 
record  the  epoch  of  the  passage  of  a  wave,  and  it  affords  the 
advantage  of  distinguishing  one  wave  from  another.  If  only 
?ery  short  distances  are  used  for  the  determination  of  veloci- 
ties this  would  be  of  decided  value,  were  it  not  that  experi- 
ence* seems  to  prove  that  what  is  the  maximum  wave  at  one 
>oint  may  not  be  the  maximum  at  other  points  very  near,  so 
bat  it  is  by  no  means  certain  that  a  particular  wave  can  be 
[entitled  at  different  stations,  even  if  they  are  not  widely 
parated.  These  considerations,  together  with  the  very  great 
;penee  of  seismographic  equipment  and  the  greater  difficulty 

maintaining  them  in  constant  working  order  in  a  country 
lere  earthquakes  are  infrequent,  compel  the  admission  that 

*  Milne,  in  Trans.  Seis.  Soc.  of  Japan,  vol  x. 
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the  simple  seismoscope,  with  a  time-taking  attachment,  is  far 
more  likely  to  furnish  valuable  information. 

Seismoscopes. 

A  good  seismoscope  should  possess  some  if  not  all  of  the 
following  characteristics : — 

It  should  be  simple,  inexpensive  and  not  liable  to  become 
inoperative  through  long  periods  of  rest ; 

It  should  be  capable  of  adjustment  to  varying  degrees  of 
sensitiveness ; 

The  adjustment  of  different  instruments  to  nearly  the  same 
degree  of  sensitiveness  should  be  possible ; 

Its  equilibrium  should  be  unstable ;  that  is,  when  once  dis- 
turbed it  should  not  "reset"  itself; 

It  should  not  be  liable  to  register  phenomena  other  than 
actual  movements  of  the  earth  upon  which  it  rests. 

While  much  has  been  done  and  notable  advances  have  been 
made  in  the  construction  of  seismographs  with  a  view  to  the 
determination  of  the  character  of  the  motion  of  the  earth 
particle,  it  does  not  appear  that  a  seismoscope  satisfying  these 
conditions  has  yet  been  described  or  extensively  used,  although 
an  infinite  variety  of  instruments  bearing  the  name  have  been 
devised.  If  whatever  is  done  in  the  near  future  is  likely  to  be 
done  through  the  use  of  the  time-registering  apparatus,  and 
this,  I  believe,  is  the  opinion  of  the  majority  of  tne  members 
of  the  earthquake  Commission  assembled  upon  the  invitation 
of  the  Director  of  the  Geological  Survey,  the  subject  becomes 
one  of  considerable  importance,  and  a  recognition  of  this  fact 
has  resulted  in  the  suggestion  of  several  new  forms  of  seismo- 
scopes within  the  last  two  or  three  years,  a  few  of  which  have 
been  actual lv  constructed  and  tested.  The  first  of  them,  and 
the  only  one  as  far  as  I  know  which  has  been  used  to  register 
the  occurrence  of  an  earthquake  in  this  country,  was  designed 
in  the  Physical  Laboratory  of  the  Signal  Office  at  Washington. 
While  others  contributed  suggestions  as  to  certain  details,  the 
general  form  of  the  instrument  is  due  to  Junior  Professor  C. 
F.  Marvin,  of  the  office  of  the  Chief  Signal  Officer.* 

It  is  shown  in  figure  1  and  a  little  explanation  will  make  its 
operation  clear. 

An  iron  cylinder  weighing  three  or  four  pounds  has  a 
cylindrical  hole  of  aboirt  2cm  in  diameter,  bored  through 
concentric  with  its  axis.     At  a  point  a  little  distant  from  tne 

*The  first  practical  use  of  an  instrument  of  this  type  was  at  the  Flood  Rock 
Explo^ori  in  October.  18x5.  It  was  placed  by  direction  of  the  writer  at  the 
nearest  point  of  observation,  on  Ward's  Island.  Its  performance  was  entirely 
satisfactory.  See  Science,  Oct.  1(»,  1885.  An  instrument  somewhat  similar  in 
design  with  a  very  imperfect  contact-making  device  was  suggested  by  Milne. 

See  Trans.  %Sois.  Soc.  Japan,  vol.  iii. 
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inter  of  gravity  this  hole  is  suddenly  diminished  in  diameter 
7  a  small  amount,  affording  a  shoulder  against  which  rests  a 
oes  piece  filling  symmetrically  only  a  part  of  the  opening  and 
rrying  at  its  center,  which  is  on  the  axis  of  the  cylinder,  a 
ie  steel  point  This  point  rests  in  a  small  depression  on  the 
ner  side  of  a  link,  to  which  is  attached  a  long  steel  needle  as 


l. 


2. 


m  in  the\rat.  The  upper  end  of  the  link  hangs  upon  a 
k  made  of  wire  of  the  same  diameter  and  rigidly  attached 
he  supporting  frame  of  the  instrument  which  is  of  iron. 
this  arrangement  for  the  suspension  of  the  heavy  mass,  the 
with  its  needle  projecting  downwards,  has  considerable 
dom  of  motion  in  all  azimuths,  with  little  frictioM^tfUBt- 
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ance,  and  for  slight  movements  the  pivotal  point  within  the 
cylinder  may  be  regarded  as  fixed.  Rotation  takes  place  about 
this  point  and  the  motion  of  the  earth,  which  is  that  of  the 
hook  upon  which  the  link  is  suspended,  is  magnified  at  the 
point  of  the  needle  as  many  times  as  the  ratio  of  the  length  of 
the  needle  to  that  of  the  link.  A  small  and  very  light  lever 
has  its  short  arm  bent  upward,  and  is  so  adjusted  that  when  the 
instrument  is  "  set,"  the  upper  end,  ground  to  a  fine  point  rests 
against  the  pointed  end  of  the  long  needle.  The  longer  and 
heavier  arm  of  this  lever  terminates  in  a  platinum  fork,  the 
prongs  of  which  are  vertically  above  two  small  mercury  cups 
forming  terminals  of  the  electric  circuit. 

The  operation  of  the  instrument  is  simple.  A  very  slight 
movement  of  the  point  of  suspension  is  magnified  at  the  needle 
point ;  the  short  arm  of  the  lever  is  released  and  the  fork  drops, 
closing  the  circuit.  Different  degrees  of  sensitiveness  are 
obtained  by  grinding  the  abutting  points  to  greater  or  lea 
dimensions. 

A  seismoscope  of  great  simplicity  of  design,  and  offering 
many  advantages,  is  one  originally  due  to  Milne,*  and  more  re- 
cently with  slight  modifications,  experimented  with  by  Harden 
and  Hallock,  of  the  U.  S.  Geological  Survey,  by  whom  it  was 
also,  I  believe,   independently  invented.     It  belongs  to  the 
family  of  liquid  seismoscopes,  of  which  many  varieties  have 
appeared,  notably  several  devised  and  used  by  Palmieri.   In 
all  previous  forms,  however,  the  action  utilized  was  the  move 
ment  of  the  whole  mass  of  liquid  in  relation  to  the  containing 
vessel,  while  in  this,  advantage  is  taken  of  the  well  known  fact 
that  waves  are,  in  general,  produced  upon  the  surface  of  a  mass 
of  liquid  when  it  is  subjected  to  a  sudden  disturbance.    In  a 
cylindrical  vessel  these  waves  run  from  circumference  to  center, 
at  which  point  the  liquid  is  sensibly  elevated  for  an  instant,  and 
through  this  elevation  an  electric  circuit  may  be  momentarily 
closed.     Mercury  is  the  liquid  used,  and  it  is  placed  in  a  small 
cylindrical  iron  box,  through  the  cover  of  which  a  pointed  screw 
with  a  large  divided  head  runs.     The  point  of  the  screw,  which 
is  of  platinum,  may  be  brought  extremely  near  the  surface  of 
the  mercury,  its  position  and  distance  being  known  by  means 
of  the  divisions  on  the  head.     A  slight  jar  generates  a  series  of 
waves,  the  elevation  at  the  center  completes  the  circuit  through 
the  properly  insulated  screw.     The  tendency  of  the  mercury 
to  become  oxidized  or  dirty  upon  the  surface  so  as  to  become 
inoperative  was  overcome  by  the  use  of  a  small  platinum  float, 
a  device  previously  employed  for  measuring  the  height  of  the 
mercury  in  the  cistern  of  a  barometer  by  electrical  contact.    A 

*  Trans.  Seis.  Soc.  Japan,  vol.  iii. 
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mple  arrangement  for  keeping  this  float  in  position  is  ein- 
oyed  and  the  real  contact  is  between  two  platinum  surfaces, 
ring  thus  much  more  desirable  and  lasting.  ' 

Several  other  forms  of  seismoscopes  have  been  suggested  and 
ied  with  more  or  less  success.  One  of  these  is  a  modification 
I  the  well  known  Zollner's  horizontal  pendulum,  the  extreme 
msitiveness  to  change  in  level  of  which  has  been  so  well  shown 
y  Professor  Rood*  It  is  easy  to  arrange  this  so  that  an  elec- 
■ic  circuit  is  closed  when  a  disturbance  occurs ;  and,  although 
s  greatest  sensitiveness  is  for  disturbance  in  one  plane  it  is 
enerally  sufficiently  delicate  to  respond  to  very  feeble  motions 
1  all  azimuths. 

I  have  recently  modified  the  instrument  first  described,  re- 
nting its  dimensions  and  cost,  and  greatly  increasing  the  ease 
nth  which  it  is  adjusted  and  "  set.  The  alteration  consists 
principally  in  extending  the  multiplying  needle  upward  instead 
f  downward.  This  brings  the  circuit-closing  part  of  the  ap- 
paratus above,  where  it  is  open  to  inspection  ana  convenient  for 
djustment.  The  supporting  frame  rests  upon  a  square  or  tri- 
ngular  base,  and  can  be  placed  upon  any  convenient  pier  or 
able,  instead  of  necessarily  being  screwed  to  a  vertical  support 
*  in  the  earlier  form.  The  latter  plan  was  adopted  with  a 
new  to  fastening:  the  instrument  to  a  post  driven  in  the  earth, 
rot  it  has  been  found  inconvenient  in  practice,  and  it  will  gen 
srally  be  better  to  rest  it  upon  the  top  of  the  post,  if  one  is 
ised,  or  upon  a  stone  imbedded  in  the  earth,  or  upon  a  bracket 
helf  attached  to  a  foundation  wall. 

The  new  form  of  the  instrument  is  conveniently  covered  by 
A  ordinary  glass  shade  to  protect  it  from  dust  and  disturbance 
>y  air  currents.  An  improvement  is  made  in  the  arrangement 
or  adjusting  the  position  of  the  circuit  closer,  which  is  held  to 
he  table  upon  which  it  rests  by  means  of  a  spiral  spring,  so  that 
ffhile  it  moves  freely  upon  the  application  of  a  slight  pressure 
t  is  sufficiently  firm  to  resist  accidental  disturbances.  The  new 
form  will  be  readily  understood  by  examination  of  fig.  2  (p.  103.) 

Any  mechanical  device  by  means  of  which  a  temporarily 
'steady  point  "  is  provided  may  be  utilized  as  a  seismoscope. 
The  horizontal  pendulum,  first  suggested  by  Chaplin  and  utilized 
ij  Ewing  in  his  seismograph,  satisfies  the  requirements,  except 
iat  its  sensitiveness  exists  in  only  one  plane.  The  use  of  some 
orm  of  link  motion  for  an  astatic  suspension  was  suggested  by 
5rofessor  West  a  few  years  ago,  at  a  meeting  of  the  Seismolog- 
sal  Society  of  Japan.f  It  is  clear  that  an  ideal  arrangement 
onld  be  the  Peaucellier  linkage  for  straight  line  motion  in  a 
)rizontal  plane.     But  it  is  difficult  if  not  impossible  to  avoid 

'  This  Journal,  in,  Jane,  1875.  f  Trans.  Seis.  Soc.  Japan,  vol.  vi. 
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an  amount  of  friction  which  would  he  fatal.  Ewhig  *  lias  rag- 
fruited  the  nee  of  some  form  of  linkage  in  which  only  ties  should 
be  used,  so  that  flexible  cords  could  be  substituted  for  rigid  ban, 
Nn  rigorously  straight-line  motion  is  susceptible  of  this  con- 
struction, but  several  close  approximations  may  be  utilized. 
An  approximation  is  all  that  is  required  in  a  eeismoeeope,  but 
it  must  possess  freedom  of  motion  in  all  azimuths.  Professor 
Ames,  of  the  Rose  Polytechnic  Institute,  has  devised  a  form 
consisting  of  a  combination  of  two  linkages  of  the  form  invented 
by  Kolterts.  By  arranging  these  in  planes  at  right  angles  to 
each  other,  freedom  of  motion  in  any  azimuth  is  secured.  A 
heavy  mass  is  pivoted  at  the  tracing  point  and  friction  mav  be 
reduced  to  a  minimum  by  the  use  of  flexible  cords,  fine  wires, 
or  by  pivoting  light  rigid  links.  The  suspension  is  approii' 
mutely  astatic,  but  sufficiently  so  for  seismoscopic  uses,  and  per 
haps  for  seismographs — It  is  shown  in  figure  5. 


A  number  of  trials  with  several  of  these  Beismoscopes  under 
different  varieties  of  disturbance  show  that  all  are  not  equally 
sensitive  to  the  same  disturbance,  however  delicately  they  may 
he  'idiustcd  The  mcrciirv  seismoscope  is  peculiarly  sensitive 
to  disturbances  produced  by  a  slight  jar  of  the  table  or  support 
upon  which  it  rests.  In  this  case  the  vibrations  are  generally 
very  rapid,  probably  from  ten  to  fifty  or  more  per  second.  It 
may  readily  be  adjusted  to  respond  to  extremely  slight  tremors 
and  besides  it  apparently  affords  the  advantage  of  being  set  at 
any  time  to  a  definite  degree  of  sensitiveness.  With  the  two 
»  Memoira  of  the  Science  Dept.,  Tokyo  Daigtku,  STo.  9. 
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three  instruments  of  this  class  upon  which  I  have  experi- 
nted,  this  theoretical  advantage  is  not  realized  in  practice, 
e  distance  between  the  two  platinum  surfaces  is  so  ex- 
mely  small,  when  the  instrument  is  sensitively  adjusted,  that 
T  trifling  and  generally  unknown  causes  will  considerably 
dify  the  position  of  the  divided  head  when  contact  occurs, 
e  setting  of  the  instrument  is  therefore  a  matter  of  great 
eertainty. 

This  instrument  possesses  what  at  first  appears  to  be  an  ad- 
ltage,  in  that  it  is  ki  self -setting ;"  but  a  reference  to  what 
\  gone  before  will  show  that  this  is  not  considered  a  desirable 
ture  of  a  seismoscope.  In  fact,  it  is  very  undesirable  in  my 
Igment,  except  where  devices  of  a  special  character  are  made 
j  of  for  securing  time  records.  If  the  epoch  is  established 
stopping  or  starting  a  clock  or  by  Milne's  printing  device,  a 
f-setting  instrument  would  be  objectionable.  If  the  record 
made  upon  the  revolving  drum  of  a  chronograph,  or  on  a 
itinuously  moving  strip  of  paper,  this  form  of  seismoscope 
ght  fix  the  time  of  all  sensible  movements  during  the  distur- 
lce,  and  might,  indeed,  play  the  part  of  a  seismometer  in  some 
*ree  by  distinguishing  the  more  violent  motions.  But  it 
nld  be  likely  to  fail  in  this  respect,  as  well  as  in  its  general 
"formance  as  a  seismoscope,  owing  to  the  peculiarity  already 
erred  to.  To  vibrations  of  moderately  long  period  it  does 
;  promptly  respond.  Earthquakes  seldom,  if  ever,  begin 
th  a  sharp  and  sudden  movement.  The  maximum  vibration 
nearlv  always  preceded  by  several  of  less  amplitude  and 
irly  the  same  period,  which  are  themselves  preceded  by  os- 
lations  of  extremely  small  amplitude  but  of  great  frequency. 
ie  intensity  of  these  preliminary  tremors  is  not,  in  general^ 
Bcient  to  cause  a  mercury  seismoscope  to  act,  and  to  the 
needing  movements  of  greater  amplitude  but  longer  period, 
ten  as  long  as  one  second)  it  is  not  sensitive.  Further  ex- 
riment  and  investigation  is  needed,  however,  to  determine 
J  relative  merits  of  these  and  other  instruments. 

Time  Apparatus. 

Various  methods  of  time-registration  have  been  made  use  of, 
I  most  of  them  are  generally  well  known.  A  choice  among 
>m  must  depend  largely  on  the  probable  frequency  of  earth- 
ike  phenomena.  In  Japan  and  some  other  parts  of  the 
rid  rarely  more  than  a  few  days  pass  without  a  sensible  dis- 
banee. 

i  continuously  operating  chronograph  would  be  desirable 

profitable  under  such  circumstances  and  various  modifica- 

&  of  the  ordinary  astronomical  chronograph  will  at  once 

jest  themselves  as  suitable  for  this  work.     When  an  earth- 
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quake  is  a  rare  phenomenon,  years  instead  of  days  elapsing  be- 
tween two  successive  disturbances,  all  appliances  ior  their 
observation  must  be  of  the  utmost  simplicity  of  construction 
consistent  with  certainty  and  accuracy  of  performance.  A 
fairly  good  clock  is  a  necessity  and  that  being  provided  it  re- 
mains  to  determine  how  it  may  be  used  in  recording  the  instant 
of  disturbance.  One  of  three  different  schemes  may  be  adopted: 
a  running  clock  may  be  stopped ;  a  clock  at  rest  with  hands  set 
in  a  known  position  may  be  started,  or  the  position  of  the  hands 
may  be  registered  Without  interfering  with  the  going  of  the 
clock.  Either  of  these  can  be  easily  accomplished  through  the 
instrumentality  of  the  electric  circuit  closed  by  the  effect  of  the 
disturbance  on  the  seismoscope.  The  simplest  method  is  that 
of  stopping  or  starting  the  clock,  and  considerable  difference  of 
opinion  has  existed  as  to  the  relative  merits  of  these  two  pro- 
cesses. It  will  be  seen  at  once  that  the  plan  of  starting  a  clock 
from  rest  in  a  known  position  would  have  many  advantages, 
and  one  of  them  is  certainly  of  great  importance.  It  is  that 
after  the  happening  of  the  earthquake  the  started  clock  can  be 
allowed  to  run  until  a  comparison  with  some  standard  time  is 
possible  and  if  necessary  its  rate  may  be  determined,  so  that  the 
exact  epoch  of  the  disturbance  can  be  ascertained  with  consid- 
erable accuracy.  On  the  other  hand,  if  a  clock  be  stopped  our 
knowledge  of  the  exact  time  of  the  occurrence  will  depend  on 
our  knowledge  of  its  error  at  the  time  of  stopping,  which  can 
only  be  known  through  previous  observations  of  error  and  clock 
rate.  Thus  it  will  appear  that  if  the  method  of  clock  stopping 
is  to  be  resorted  to,  the  clock  must  be  under  constant  surveil- 
lance and  frequent  comparisons  must  be  made  with  some  stand- 
ard time.  The  clock-starting  method  is  also  open  to  some  rather 
serious  objections.  A  clock  which  has  been  at  rest  for  months 
or  even  years  is  hardly  likely  to  be  constant  in  its  rate  during 
the  first  few  hours  after  starting.  This  objection  can  be  in  a 
great  degree  removed,  however,  by  carrying  out  suggestions  to 
be  given  later.  Another,  and  more  important,  is  that  the  re- 
cord is  liable  to  be  lost  entirely  through  the  subsequent  stopping 
of  the  clock  by  the  violence  of  rhe  earthquake.  The  clock-stop- 
ping method  is  not  open  to  this  objection  as  it  is  difficult  to 
imagine  the  starting  of  a  clock  by  an  earthquake,  particularly  if 
the  pendulum  is  held  somewhat  iirmly  by  the  stopping  appa- 
ratus. The  third  plan,  that  of  registering  the  position  of  the 
hands  of  the  clock  at  the  moment  of  closing  the  circuit  without 
interfering  in  any  way  with  the  movement  of  the  clock  com 
bines  many  of  the  advantages  of  both  the  others,  but  has  the 
disadvantage  of  being  more  complicated  and  difficult  to  accofli* 
plish.  It  is  easy  to  expose  for  an  instant  a  quick  photographic 
plate,  upon  which  an  image  of  the  clock  face  is  projected,  but 
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re  at  once  meet  with  the  difficulty  of  properly  illuminating  the 
ice  at  night. 

Among  other  methods  which  have  been  proposed,  probably 
tie  most  simple  is  that  of  Milne,*  which  consists  in  placing 
mall  pieces  of  cork,  coated  with  an  oily  ink,  upon  the  extremi- 
ies  of  the  hands  of  the  clock  against  which  a  paper  or  card 
oard  ring  is  pressed  by  electro-mechanical  devices,  put  in 
deration  oy  the  closing  of  the  circuit  at  the  seismoscope. 
Hter  an  instant  of  pressure  the  ring  is  withdrawn,  bearing  a 
printed  record  of  the  position  of  the  hands  of  the  clock.  This 
Bow6  the  determination  of  the  error  and  rate  of  the  clock 
dther  before  or  after  the  earthquake  or  both,  and  should  the 
Jock  be  stopped  by  a  violent  shock,  the  time  record  is  not  lost, 
rhese  advantages  will  undoubtedly  lead  to  the  invention  of 
ample  and  sure  methods  by  means  of  which  this  printed  record 
may  be  obtained.  For  stopping  a  clock,  Milnef  has  used  a  thin 
piece  of  board  in  which  notches  are  cut  in  one  of  which  the 
pendulum  is  caught  at  the  moment  of  the  disturbance.  This 
method  is  likely  to  allow  and  sometimes  to  cause  considerable 
subsequent  6waying  of  the  pendulum  and  I  have  preferred  to 
use  simply  a  strip  of  brass,  carved  to  an  arc  of  the  circle  whose 
nufius  is  the  pendulum.  This  lies  always  nearly  touching  the 
pendulum  and  is  slightly  lifted  when  the  circuit  is  closed  so 
•8  to  arrest  the  pendulum.  The  brass  strip  is  attached  to  the 
movable  armature  of  a  common  telegraph  sounder  secured  to 
the  side  of  the  clock  case.  The  circuit  remaining  closed  after 
die  action  of  the  seismoscope  the  pendulum  is  held  in  its  place. 

Application. 

Two  seismic  stations  with  time-taking  apparatus  have  been 
in  operation  in  this  country  for  nearly  a  year.  The  first  was 
established  in  the  Physical  Laboratory  of  the  Signal  Office  in 
Washington  shortly  after  the  occurrence  of  the  Charleston 
Earthquake,  and  the  second,  at  the  Rose  Polytechnic  Institute, 
Terre  Haute,  Ind.,  was  put  in  operation  in  January,  1887. 
3oth  are  equipped  with  seismoscopes  similar  to  that  described 
and  shown  in  fig.  1  and  with  clocks  known  as  u  Regulator  No. 
if  made  by  the  Seth  Thomas  Co.  These  clocks  were  selected 
on  account  of  their  cheapness  and  their  really  excellent  perform  - 
ince  as  time  keepers.  The  stopping  apparatus  is  of  the  simple 
form  already  described,  and  an  ordinary  vibrating  electric  bell 
with  battery  is  connected  with  it  so  that  a  continuous  alarm  is 
maintained  from  the  time  of  the  disturbance  of  the  seismo- 
cope. 

*  Trans.  Seis.  Soc.  Japan,  vol.  iv.  f  Trans.  Seis.  Soc.  Japan,  vol.  iii. 
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Since  their  installation  these  instruments  have  recorded  a 
follows : — 

At  Washington. — From  Oct.  6th,  1886,  to  Nov.  4th,  1881 

Date.  Time,  (75th  Mer.)  Remarks. 

h.     m.    sec. 

October  22,  1 886 2    46     Up.  m Felt  generally  in  the  vicinit 

November  5,  1886 12     27     14  p.  m 

February  23,  1887 7     33       0  a.  m Possibly  related  to  the  gre 

Italian  earthquake  of  tb 
time.  From  the  condta 
of  tLe  instrument  befo 
and  after  the  time  of  tl 
record  it  was  thought  to  1 
reasonably  certain  that 
was  due  to  a  true  seism 
disturbance. 


At  Terre  Haute. — From  Jan.  1 8th,  to  Oct.  26th,  1887. 


Date. 


Time,  90th  Mer. 
h.      m.     eec. 


Remarks. 


February  3d 10     27 

February  6th 4     15 

February  10th 11     22 


May  6th 7     45 


May  10th 6 


May  24th 10 


August  2d 12 

October  2  2d 6 


35 
6 


35  a.  m Shocks  in  Italy,  Feb.  3. 

6  a.  m Shocks  in  IncL,  111.,  Ky.,ai 

Mo. 
27  a.  m Papers    reported   shock 

Jasper,  Ind.,  but  notve 

fled. 
22  a.  m May  3d  and  4th,  general 

Mexico  and  from  Texas 

Cal.     150     lives    lost 

Bahispe  in   Sonora,  Me; 

also    many    topographic 

changes. 

34  p.  m Shocks  in   mountains  dail 

May  12  and  13,  shocks 
S.   C,   Cal.   and    Arton 
May  19  and  20  in  Euro; 
May  30  and  31,  in  Mexk 

33  a.  m Shocks  felt  in  Ind.,  Ill,  Kj 

and  Tenn.,  and  yi  Equadc 
S.  A. 

43  a.  m 

35  a.  m 


Plan  of  Campaign. 

In  determining  upon  a  systematic  plan  for  the  instrument 
study  of  earthquake  phenomena,  some  consideration  of  the  foi 
going  remarks  seems  to  be  demanded,  and  some  useful  concl 
sions  may  he  drawn  from  the  brief  experience  already  had. 

In  the  first  place,  it  is  claimed  that  time  observations  are 
the  first  importance  and  that  under  the  circumstances  such  oi 
should  be  undertaken.      It  is  believed  that  the  reasons  briel 
and  in  some  degree  imperfectly,  presented  in  the  foregoing  ( 
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lesion,  are  sufficient  to  establish  the  claim.  Seismoscopes, 
ith  the  accompanying  clocks,  should  be  the  only  instrument 
Bed,  and  these  should  be,  as  far  as  possible,  of  the  same  type. 
Jefore  the  adoption  of  any  one  of  several  different  species 
vailable,  a  careiul  study  of  them  should  be  made,  all  being 
ested  under  similar  conditions  and  these  conditions  should 
esemble  as  closely  as  possible  those  under  which  the  instru- 
nent  is  expected  to  work.  As  seismic  phenomena  are  here 
oo  infrequent  to  admit  of  such  preliminary  test  or  calibration, 
neans  must  be  provided  for  imitating  at  will  the  motion  of  a 
wint  upon  the  surface  of  the  earth.  Such  an  arrangement 
rould  also  be  useful  in  testing  seismographs  and  the  validity 
>f  their  records. 

For  this  purpose  what  may  be  called  a  "  seismic  table  "  has 
)een  designed.  It  consists  essentially  of  a  horizontal  surface, 
arge  enough  to  furnish  room  for  two  or  three  seismoscopes  or 
eismographs,  and  which  by  suitable  mechanism  may  be  given 
i  vibratory  motion  in  either  one  or  all  of  three  directions  at 
ight  angles  to  each  other,  two  of  these  motions  being  in  a 
lorizontal  plane.  The  vibrations  are  all  derived  from  a  single 
riece  rotating  with  a  uniform  angular  velocity,  and  all  are  on 
i  close  approximation  to  simple  harmonic  motion.  By  a 
imple  device  their  amplitude  may  be  varied  at  will  and 
ritnout  arresting  the  movement,  from  zero  to  a  prescribed 
unit.  Another  mechanism  enables  the  operator  to  vary  the 
iequency  of  vibration  from  zero  to  any  desired  number  per 
lecond.  The  machine  is  to  rest  upon  a  solid  foundation  and 
X)wer  i6  to  be  drawn  from  a  steam  or  gas  engine.  At  any 
noment,  the  amplitude  and  frequency  of  vibrations  along  any 
>f  the  three  components  will  be  shown  by  suitably  arranged 
odices.  The  disturbance  to  which  a  seismoscope  is  subjected 
an  generally  be  resolved  into  approximately  simple  harmonic 
lotions  along  these  axes,  and  as  the  period  and  amplitude  of 
ibration  for  earthquakes  of  moderate  intensity  are  now  toler- 
t)ly  well-known,  through  the  investigations  of  Japanese  earth- 
iiakes  by  Ewing,  Milne,  Gray  and  Sekiya,  it  will  be  possible 
>  reproduce  their  movements  with  considerable  accuracy  and 
ith  such  variations  as  to  intensity  as  to  satisfy  every  demand 

testing  seismic  instruments.  In  this  way  it  can  be  deter- 
ined  to  what  particular  species  of  vibration  a  seismoscope  is 
nsitive  ;  whether  the  same  seismoscope  can  be  repeatedly  set 

the  same  degree  of  sensitiveness,  and  whether  several  differ 
it  instruments  can  be  made  to  agree  in  this  respect.  In 
Idition  to  its  great  value  as  affording  a  means  of  testing  and 
•mparing  instruments,  it  is  believed  that  such  an  apparatus 
ay  be  useful  in  studying  certain  observed  effects  of  earth- 
lakes    upon    simple  structures.      By  submitting  small  but 
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dynamically  similar  models  of  such  structures  to  differently 
compounded  vibrations  and  studying  the  results,  some  light 
may  be  thrown  upon  the  confusing  and  often  contradictory 
phenomena  of  actual  earthquakes. 

Assuming  that  a  satisfactory  form  of  seismoscope  has  been 
selected  by  subjecting  all  proposed  or  submitted  to  the  test  of 
the  seismic  table,  it  is  important  to  consider  next  their  distri- 
bution and  use.     As  it  is  very  desirable  that  they  should  be 
as  numerous  as  possible,  and  as  the  cost  of  the  equipment  of  a 
station  is  of  great  practical  moment,  it  may  be  stated  that  the 
whole  outfit  tor  a  single  station,  including  clock,  seismoscope, 
battery  and  all,  need  not  cost  more  than  twenty-five  dollars, 
and  it  is  hoped  that  a  sum  considerably  less  than  that  amount 
may  be  found  sufficient.      In  selecting  stations  it  is  of  the 
utmost  importance  that  the  question  of  accurate  time  should 
be  first  considered.   Standard  time  signals  from  one  observatory 
or  another  are  now  distributed  so  generally  over  the  whole 
country,  that  in  any  considerable  town  no  difficulty  will  be 
found  in  determining  the  clock  error  and  rate,  provided  that 
the  apparatus  is  in  the  hands  of  a  suitable  person.     It  is  likely 
that  in  many  instances  jewelers  or  watch  makers,  who  receive 
time  signals  daily  will  be  willing  to  undertake  the  care  of  a 
seismic  station.    The  seismoscope  may  be  mounted  upon  a 
bracket  secured  to  the  stone  or  brick  foundation  of  a  building, 
in  the  cellar  or  basement,  while  the  clock  should  be  placed 
where  it  will  be  often  6een,  or  where  it  may  be  of  real  service 
as  a  timekeeper  to  the  observer.     The  use  of  an  electric  alarm, 
while  not  a  necessity,  is  very  desirable,  as  through  its  action 
attention  is  immediately  called  to  the  disturbance,  and  even  i 
second  or  two  of   warning   might  enable    many  interesting 
observations  of  phenomena  whicn  would  otherwise  escape  the 
observer. 

I  have  found  it  very  useful  to  provide  for  regular  tests  of  the 
apparatus  on  the  first  of  each  month.  An  artificial  disturbance 
near  the  seismoscope  takes  the  place  of  a  real  earthquake  and 
the  operation  of  the  bell-ringing,  clock-stopping  apparatus  is 
observed,  the  clock  error  and  rate  applied,  and  in  fact  every- 
thing is  done  a6  if  a  real  earthquake  had  occurred.  This  will 
enable  the  observer  to  detect  any  fault  in  his  arrangements  and 
will  serve  in  a  great  degree  to  maintain  his  interest  and  sustain 
his  patience  through  months  or  years  of  waiting  for  an  actual 
record.  I>lanks  should  be  furnished  on  which  the  results  of 
these  tests  may  be  recorded  and  forwarded  to  the  person  in 
charge  of  the  whole  system  of  observations.  Many  other  de- 
tails might  be  referred  to,  but  they  belong  rather  to  a  code  of 
instructions  for  observers.  There  is  one  matter  connected  with 
the  establishment  of  stations,  however,  which  experience  has 
shown  to  be  important. 
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Che  records  of  a  seismic  station,  even  when  equipped  in  the 
it  possible  manner,  will  be  unquestionably  affected  by  what 
y  be  called  "  accidental  errors.  That  is  to  say,  it  is  be- 
red  that  the  best  of  seismoscopes  will  fail  to  satisfy  entirely 
i  conditions  given  above  and  will  occasionally  "go  off v  when 
*re  has  been  no  real  seismic  disturbance.  This  may  be  due 
a  variety  of  causes,  among  which  may  be  mentioned :  changes 
the  position,  level,  etc.,  of  the  support  of  the  instrument, 
rough  a  slow  movement  of  the  wall  or  pier  to  which  it  may 

attached ;  occasional  movement  of  heavy  bodies  in  close 
oximity  to  the  instrument ;  very  violent  winds  which  may 
sturb  tne  foundation  of  the  building  in  which  it  is  placed, 
e.  It  is  often  difficult  to  distinguish  a  false  alarm  thus  given 
om  a  true  seismic  disturbance  and  in  the  records  of  the  seis- 
oscopes  at  Washington  and  Terre  Haute  already  given,  two 
•  three  doubtful  instances  occur. 

When  the  earthquake  is  sufficiently  violent  to  be  detected 
ithout  instrumental  aid,  confirmatory  evidence  is  furnished ; 
it  one  of  the  principal  objects  in  making  use  of  instruments 
to  detect  movements  which  would  otherwise  pass  unnoticed 
id  to  extend  the  range  of  observation  of  the  more  violent  far 
jyond  what  it  can  be  at  present.  As  an  illustration  of  the 
•eat  importance  of  being  able  to  know  a  genuine  record  I  may 
vite  attention  to  one  ot  the  records  made  at  Washington  a 
w  hours  later  than  the  Italian  earthquake  of  last  year.  The 
och  of  the  disturbance  is  such  that  there  is  nothing  unreason- 
le  in  supposing  that  it  was  really  a  wave  which  had  been 
insinitted  across  the  sea  or  through  the  crust  of  the  earth, 
teresting  as  this  fact  would  be,  it  would  be  rash  to  make  such 

assumption  in  view  of  the  possibility  of  a  purely  accidental 
Bturbance  of  the  instrument. 

A  very  similar  state  of  affairs  exists  in  connection  with  one 
the  records  of  the  Terre  Haute  seismoscope.  Had  there 
en  several  instruments  along  the  Atlantic  coast  they  might 
ive  confirmed  or  confuted  the  record  made  at  Washington, 
is  highly  probable,  however,  that  disturbances  frequently  oc- 
r  which  do  not  affect  large  areas.  In  arranging  for  the 
stematic  observation  of  phenomena  so  rare  and  so  uncertain 
to  time  and  place  as  earthquakes,  it  will  hardly  be  possible 
place  stations  sufficiently  near  each  other  to  insure  the  de- 
rtion  of  these  minor  movements,  although  they  are  for  many 
tsons  of  prime  importance.  With  the  possibility  of  accidental 
turbance  and  with  seismoscopes  somewhat  widely  separated, 
vould  seem  impossible  ever  to  certainly  detect  such  minor 
vements  in  the  surface  of  the  earth.  There  is  a  remedy, 
rever,  and  it  lies  in  the  precaution,  the  truth  of  which  ex- 
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perience  has  forced  upon  me,  that  wf*erever  there  is  one  seimo- 
scope  there  must  be  two.  That  is  to  say,  when  any  locality 
is  selected  as  a  suitable  place  for  a  seismic  station  two  complete 
stations  must  be  established,  separated  sufficiently  so  as  not  to 
be  liable  to  the  same  accidental  disturbances  but  near  enough 
to  render  it  reasonably  certain  that  a  real  seismic  disturbance 
which  affects  one  will  also  affect  the  other.  If  separated  by  a 
distance  of  from  a  few  hundred  feet  to  a  quarter  or  half  a 
mile,  the  necessary  conditions  would  be  satisfied.  Two  such 
stations  ought  to  sensibly  agree  as  to  the  exact  time  of  any  dis- 
turbance and  not  only  would  they  enable  the  observers  to  dis- 
tinguish accidental  or  false  alarms,  but  they  would  afford  excel- 
lent checks  upon  each  other  on  the  occasion  of  a  genuine  re- 
cord. 

It  is  hardly  necessary  to  refer  to  the  interesting  and  impor- 
tant results  which  would  almost  certainly  come  from  the  or- 
ganization of  one  hundred  or  even  fifty  such  stations  wisely 
distributed,  at  first  over  those  sections  of  the  country  known  to 
be  most  subjected  to  earthquakes.  On  the  hypothesis  of  trans- 
mission through  a  homogeneous,  elastic  medium,  records  at  leas 
than  a  half  dozen  stations  will  suffice  to  determine  the  velocity 
of  transmission,  and  the  coordinates  of  the  origin  of  the  disturb- 
ance. Although  in  the  case  of  the  earth  this  Hypothesis  is  not 
tenable,  it  is  an  approximation  to  the  truth,  and  there  can  be 
no  doubt  that  the  mean,  of  a  number  of  such  determinations, 
based  upon  different  groups  of  observations  would  have  consid- 
erable weight  in  the  discussion  of  the  dynamics  of  the  problem. 

I  think  it  will  be  generally  admitted  that  the  management 
and  direction  of  an  investigation  so  extensive  as  the  territory  j 
involved  could  only  be  successfully  carried  out  by  the  govern- 
ment;  and  that  the  Director  of  the  Geological  Survey,  or  whose 
disposition  in  the  matter  there  can  be  no  doubt,  should  be  fur- 
nished by  Congress  with  the  authority  and  material  for  its 
accomplishment. 


Art.  IX. — On  a  new  Petrographical  Microscope  of  Ameri- 
can Manufacture ;  by  George  II.  Williams. 

The  importance  of  the  microscope  in  geological  investiga- 
tions— particularly  in  the  domain  of  the  crystalline  rocks— is 
now  universally  recognized,  even  by  those  geologists  who  do 
not  themselves  employ  it.  The  light  already  shed  upon  some 
of  the  darkest  and  most  intricate  problems  by  recent  petro- 
graphical  methods,  uncertain  though  it  sometimes  be,  is  full  of 
promise  for  the  future.     Geology  is  reaping  almost  as  great 
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nefits  from  the  application  of  the  microscope  as  her  sister 
iences,  biology  and  medicine  ;  and  there  seems  to  be  no  good 
ason  why  this  instrument  should  not  be  made  of  as  much 
Ideational  value  in  her  field  as  in  theirs. 
Not  all  who  study  the  natural  sciences  are  able  or  care  to 
jcome  original  investigators.  The  scientific  training,  how- 
rer,  possesses  for  every  one  certain  peculiar  advantages,  and 
le  organic  sciences  have  not  been  slow  to  appreciate  now  val- 
ible  a  factor  in  such  a  training  the  microscope  may  be  made, 
ive  years  of  practical  experience  have  convinced  the  writer 
lat  the  microscope  in  geology  may,  with  as  great  success,  be 
mployed  for  purely  educational  purposes. 
If  then  the  microscope  be  of  such  use  in  geology,  both  as  a 
leans  of  research  and  as  an  educational  discipline,  the  pro- 
action  of  instruments  especially  designed  for  rock- study  be- 
Dmes  a  matter  of  importance.  Such  a  demand  has  for  some 
me  past  been  met,  with  varying  success,  by  several  Continental 
lanufacturers ;  but,  owing  to  the  limited  interest  in  micro- 
eology  on  this  side  of  the  Atlantic,  the  attempts  of  American 
lakers  to  supply  petrographical  microscopes  have  hitherto 
een  wholly  inadequate. 

The  advantages  to  the  constantly  increasing  number  of  pet- 
>graphical  students  in  America,  of  a  suitable  instrument  of 
rone  manufacture,  are  too  apparent  to  nped  enumeration.  In- 
sed,  the  actual  demand  for  such  an  instrument  has  been  so 
ften  and  so  urgently  forced  upon  the  writer's  attention,  that, 
;  his  request,  the  well-known  Bausch  and  Lomb  Optical  Corn- 
any  of  Rochester,  N.  Y.,  undertook  the  construction  of  a 
orely  petrographical  stand  which  should  satisfy  all  the  de- 
iandLs  for  mineral  and  rock  study  and  at  the  same  time  come 
ithin  the  means  of  geological  students.  Each  essential  point 
as  designated  by  the  writer  and  has  been  elaborated  by  the 
lanufacturer  in  the  simplest  and  most  inexpensive  manner  con- 
stent  with  satisfactory  results.  The  instrument  in  its  present 
lape,  though  it  may  be  subject  to  further  improvements,  offers 
t  a  reasonable  price  ($135.00)  a  complete  petrographical  and 
rineralogical  microscope  of  excellent  workmanship,  possessing 
U  essential  features,  and  several  advantages  (such  as  a  sliding 
oalyzer  and  mechanical  stage)  to  be  secured  only  on  the  more 
spensive  European  stands. 

It  has  been  thought  that  a  figure  and  description  of  this 
ticroscope  would  prove  of  interest  to  all  whose  attention  is 
rvoted  to  geology,  whether  as  teachers  or  as  investigators. 
The  accompanying  cut  shows  the  instrument  constructed 
on  what  is  known  as  tha  Bausch  and  Lomb  "  Model  Stand." 
ae  Bausch  and  Lomb  Illustrated  Catalogue  for  1887,  pp.  15.) 
is  has  a  frame  of  japanned  iron,  with  brass  tube,  stage  ana 
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mirror-bar.  It  was  selected  in  order  to  reduce  the  total  ex- 
pense as  much  as  possible,  but  all  the  petrograpfaic&l  applUwa 
may  be  adapted  to  any  of  the  brass  stands  of  this  firin,  if  dt- 
sired,  with  a  proportionate  increase  in  expense. 


{ One -third  natural 


The  screw  supporting  the  arm  between  the  pillars  allows  the 
instrument  to  lie  inclined  at  any  angle.  The  main  tube  is  pro- 
vided with  a  cloth  lining  into  which  the  draw-tube  carryiiK 
the  ocular,  is  tit  ted.  There  is  a  coarse  adjustment  by  rack  and 
pinion  and  a  tine  adjustment  by  a  micrometer  screw.  The 
mirror  is  both  flat  and  concave  and  the  mirror  bar  adjustable. 

Coming  now  to  the  jteeuliarly  petrographies!  features,  ire 
have  the  lower  nicol-prism  or  polarizer  enclosed  in  a  cylindri- 
cal metal  box,  both  ends  of  which  are  protected  by  gla* 
This  box  is  capable  of  a  complete  revolution  and  is  provided 
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th  a  graduated  silvered  circle  and  index.  It  is  held  by  a 
lindrical  frame  in  which  it  may  be  raised  or  depressed  at  will 
a  rack  and  pinion  movement.  This  frame  is  attached  to 
e  under  side  of  the  stage  by  a  swinging  arm,  so  that  the 
lole  polarizing  apparatus  may  be  thrown  to  one  side  if  de- 
ed. A  strong  compound  lens  may  be  screwed  upon  the 
•per  end  of  the  polarizer  whenever  strong  illumination  or 
nverged  polarized  light  are  needed. 

The  circular  stage  (9*5  cm.  in  diameter)  is  provided  with  a 
veled  silvered  edge,  graduated  to  degrees.  Upon  this  is 
ounted  for  smooth  and  concentric  revolution  the  admirable 
echanical  6tage,  known  in  the  manufacturer's  catalogue  as 
o.  1052.  This  carries  an  index  for  reading  the  graduated 
•cle,  and  is  also  provided  with  silvered  graduations  for  its  two 
ctangular  movements,  whereby  any  point  in  a  section  can  be 
adily  located.  The  upper  sliding  bar  which  carries  the 
•iect  has  been  shortened  so  as  to  be  only  flush  with  the  re- 
iving stage  when  pushed  to  its  extreme  fimit  on  either  side, 
ith  this,  square  or  short  rectangular  glasses  must  be  U6ed  for 
)untinff  which  will  avoid  any  interference  with  the  revolu- 
m  of  the  stage. 

Into  the  nose-piece,  just  above  the  objective,  is  an  opening 
tended  to  receive  the  iour  following  accessories,  each  mounted 
a  separate  brass  frame  :  (1)  a  Bertrand  lens  for  inagnif  ving 
e  interference  figures  ;  (2)  a  quarter-undulation  mica-plate ; 
)  a  quartz  wedge ;  (4)  a  Klein  quartz-plate  or  a  gypsum 
ite  with  red  of  the  first  order. 

The  centering  of  the  various  objectives  is  secured  by  two 
"ews  having  motions  at  right  angles  to  each  other. 
The  upper  Nicol-prism  or  analyzer  is  inserted  in  the  tube  in 
der  to  avoid  the  diminishing  of  the  size  of  the  field  which  is 
ia voidable  when  the  prism  is  placed  over  the  ocular  as  a  cap. 
)  accomplish  this,  and  at  the  same  time  to  keep  the  tube 
ist-tight,  the  nicol  is  enclosed  in  one  side  of  a  double  cham- 
red  box.  The  other  side  is  left  vacant  and  the  box  may  be 
d  to  and  fro  according  as  ordinary  or  polarized  light  is  de- 
ed. A  metal  sheath  protects  this  box  from  above. 
The  microscope  as  here  described  in  a  case  with  a  single  eye- 
Hie,  but  without  objectives,  may  be  obtained  for  $108.00. 
ith  two  eye-pieces  (one  with  crosshairs  and  the  other  with 
crometer)  and  two  objectives  (f  and  £  inch)  its  cost  is  $135.00. 
e  cost  of  a  solid  brass  stand  is  about  $25.00  more. 
The  instrument  as  here  figured  is  less  expensive  than  the 
3ortation  of  the  lower  grades  of  European  petrographical 
ids ;  and  considerable  practical  experience  with  it  has 
wn  that  it  renders  decidedly  better  service. 

trographical  Laboratory,  Johns  Hopkins  University,  November,  1887. 
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Art.  X. — A  new  Ammonite  which  throws  additional  light 
upon  the  geological  position  of  the  Alpine  Rhatic ;  by 
William  B.  Clark, 

In  a  paper*  upon  the  geology  of  a  part  of  the  northern 
Tyrol,  published  in  Munich  in  February,  1887,  I  described 
among  several  new  forms  a  species  of  ammonite  of  the  genus 
ArcesteSy  which  is  of  some  considerable  importance,  as  pointing 
to  the  probable  position  of  the  Rhcetic  beds. 

In  the  region  above  mentioned  this  much  debated  formation 
consists  of  the  three  typical  divisions  of   Haupt  Dolomit, 
Kossener  Schichten  and  Dachstein  Kalk,  the  lower  or  Haupt 
Dolomit  being  plainly  subdivided  into  a  zone  of  dolomite  of 
somewhat  over  1,000  feet  in  thickness,  overlaid  by  a  thinner 
zone  of  limestone,  the  so-called  Platten  Kalk   of    GumbeL 
The  lower  zone  is  probably  unf ossiliferous,  with  the  exception 
of  some  interstratified  beds  of  asphalt  which  contain  ganoid 
scales ;  while  the  upper,  although  containingnumerous  ill-de- 
fined gasteropoda,  doubtless  of  the  genus  JUssoa,  affords  no 
distinctive  forms  that  would  of  themselves  demand  a  close 
union  either  with  the  underlying  Trias  or  overlying  Jura.  The 
Kossener  Schichten,  in  contradistinction  to  the  lower  division, 
are  very  fossiliferous  and  present  the  chief  ground  of  discus- 
sion.    The  rock  is  a  dark  limestone,  often  of  a  marly,  schistose 
character,  with  f  requent  interstratified  beds  of  marl,  that  grades 
down  insensibly  into  the  Platten  Kalk.     The  fossils  show  nu- 
merous affinities  both  with  Triassic  and  Jurassic  forms,  but  for 
the  most  part  appear  to  be  of  the  former  character.     They  are 
largely  corals,  brachiopods  and  lamellibranchs,  and  the  exam* 

?le  here  cited  is  the  first  case  of  a  well-defined  ammonite, 
'he  genus  Choristoceras^  so  commonly  encountered,  is  a  degen- 
erate form  placed  with  the  Ceratitidce^  and  has  small  value  in 
this  connection.     The  third  division,  the  Dachstein  Kalk,  is  of 
white  limestone,  and  contains  almost  exclusively  lithodendron- 
like  corals,  though  the  large  Megalodon  triqueter,  the  charac- 
teristic bivalve  of  this  zone,  is  frequently  encountered.    It  is 
without   doubt   of   coral-reef   origin,   as  many  physical  facts 
along  its  contact  with  the  Lias  give  proof. 

Facts  seem  to  indicate  that  these  different  divisions,  certainly 
so  far  as  the  Kossener  Schichten  and  Dachstein  Kalk  are  con- 
cerned, are  only  facies,  and  may  under  suitable  conditions  be 
interchangeable. 

*  Ueber  die  geologischon  Verhaltniaso  der  Gegend  nordwestlich  von  Aachensee 
mit  besonderer  Berucksichtigung  der  Bivalven  und  Q-asteropoden  des  untereu 
Lias.     8°.  45s.,  2  taf.,  1  Karte.     Miinchen,  1887.    (Inaugural  Dissertation). 
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When  we  examine  the  stratigraphical  relation  of  these  beds 
to  the  underlying  Trias  we  find  that  no  unconformity  exists, 
but  that  an  insensible  gradation  often  takes  place  from  one  to 
the  other ;  while  toward  the  Lias,  on  the  other  hand,  although 
unconformity  does  not  exist,  yet  the  break  is  so  marked  and 
clearly  defined  that  we  are  unprepared  to  admit  an  intimate 
connection  between  the  Rheetic  and  Lias. 

Stratigraphical  and  paleontological  evidence  in  the  Eastern 
Alps  is,  then,  strongly,  indicative  of  a  close  affinity  of  the 
Rhsetic  to  Trias  ;  ana  the  Arcestes  species,  which  we  will  now 
describe  more  in  detail,  adds  another  important  proof  to  this 
more  or  less  generally  accepted  fact. 

Abcestes  rhaeticus,  n.  sp.* 

The  ammonite  in  question,  to  which,  from  its  important  oc- 
currence, I  have  given  the  name  of  Arcestes  rhcBticus,  has  the 
following  dimensions :. 

•    Diameter 70mm 

Height  of  last  whorl 40 

Thickness 50 

Umbilicus 14 

The  shell  is  involute,  with  rounded  dorsal  surface,  and  the 
cast  shows  upon  the  last  whorl  two  depressions,  which  run 
in  a  straight  line  over  the  convex  back,  and  which  were  occa- 
sioned by  successive  contractions  or  interior  thickenings  of 
earlier  mouth-edges.  The  sutures  form  regularly  decreasing 
aeries  of  lobes  and  saddles  from  the  dorsal  sipnuncle  toward  the 
interior.  These  lobes  and  saddles  are  finely  branched,  the  lat- 
ter containing  upon  the  outside  4r-5,  upon  the  inside  3  ob- 
liquely diverging  divisions.  Beyond  the  dorsal  and  the  two 
lateral  saddles  mere  are  only  two  auxiliary  saddles  present. 
The  dorsal  lobe  is  divided  by  a  median  saddle  into  two  points, 
which  are  very  considerably  deeper  than  the  lateral  lobes.  The 
litter  are  by  means  of  small  branches  two-  or  three-pointed. 

This  species  belongs  to  the  group  of  the  Galeati,  and  shows 
dose  affinities  to  Arcestes  giganto-galeatus  Mojs.,  from  the 
Hallstadter  Kalk.  . 

We  have  thus  a  form  which  belongs  to  a  family  and  genus 
most  characteristic  for  the  Trias  and  until  now  never  found 
above*  that  formation.  The  Lias  has  not  a  single  representa- 
tive The  interest  in  this  particular  species  is  greatly  height- 
ened from  the  very  close  similarity  in  outward  form  and  mi- 
nute division  of  the  lobes  to  Arcestes  giganto-galeatus.  This 
fact,  if  we  were  to  consider  the  Khaetic  beds  as  belonging  to 
the  Lias,  would  be  without  a  parallel,  for  on  account  of  the  ex- 

•  Figured  in  the  paper  before  mentioned,  Plate  I,  fig.  3,  a,  b,  c. 
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treme  variability  of  the  ammonites,  the  most  marked  changes 
are  shown  from  stratum  to  stratum.  Hence  it  is  scarcely  pos- 
sible that  a  well-marked  form  could  be  preserved  through  any 
considerable  extent  of  time  or  any  marked  change  in  the  con- 
ditions of  life.  In  other  classes  of  animals  many  cases  can  be 
cited  where  forms  have  continued  unchanged  for  long  periods 
of  time,  hut  when  such  is  observed  among  the  ammonites  it  is 
certainly  a  proof  of  the  faunal  affinity  of  the  formations  con- 
sidered and  a  strong  reason  for  uniting  them  most  closely  in 
the  geological  system. 

Before  closing  this  brief  contribution  it  will  not  perhaps  be 
irrelevant  to  refer  in  a  word  to  the  general  positions  held  by 
geologists  of  different  countries  upon  this  question,  as  shown 
in  their  reports  to  the  Committee  lor  the  Unity  of  Komencli- 
ture  at  the  Geological  Congress  at  Berlin.  In  this  report  the 
opinion  of  French  and  English  geologists  was  decidedly  in  favor 
of  according  a  closer  relationship  of  the  Rluetic  beds  to  lias 
than  to  Trias,  while  the  weight  of  evidence  obtained  from  Ger- 
man sources  plainly  pointed  to  the  opposite  conclusion.  The 
inability  and  folly  of  endeavoring  to  correlate  the  strata  of 
widely  separated  regions  is  thus  most  forcibly  shown,  since 
facts  which  in  certain  localities  warrant  the  close  association  of 
conformable  beds,  in  others  preclude  the  union  of  apparently 
synchronous  horizons. 

(icologiual  Laboratory,  Johns  Hopkins  University,  Oct.  1887. 
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AitT.  XI. — 

Introduction. 

The  Middle  Atlantic  Slope  may  be  described  as  that  portion 
of  Kastern  Tinted  States  which  sheds  its  waters  directly  into 
the  Atlantic  <  )ccan  and  in  which  the  principal  rivers  rise  within 
the  Appalachian  mountain  system.     Thus  defined,  it  extends 
from    near   the    Mohawk    and     Hudson  on  the  north  to  the 
Roanoke  (called  the  Staunton  in  the  middle  part  of  its  course) 
on  the  south,  or  from  southern  New  York  to  northern  North 
Carolina.     Its  principal  risers,  in  addition  to  those  mentioned, 
are  the  Delaware,  the  Susquehanna  (including  its  continuation, 
Chesapeake  Bay),  the  Potomac,  and  the  James;  and  its  smaller 
but  vet  notable  streams  extending  to  tide  water  are  the  Raritan, 
the  Schuylkill,  the  Brandywine,  the  Patapsco,  the  Patuxent 
the  Oecoquan,  the  Mattaponi,  the  North  Anna  and  South  Amu 
(which  unite  to  form  the  Pamunkey),  the  Appomattox,  the 
2fottoway,  and  the  Meherrin. 
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By  geologic  structure,   by   topographic   configuration,   by 
shavior  of  streams,  and  by  the  various  cultural  conditions  re-% 
ilting  from  these  natural   conditions,   the   Middle  Atlantic 
lope  is  separable  into  three  distinct  zones : — viz,  the  Appa- 
tchian  zone,  the  Piedmont  region,  and  the  Coastal  plain. 

In  the  Appalachian  zone  the  rocks  are  Paleozoic,  and  are 
haracteristically  corrugated  by  greatly  elongated  flexures ;  the 
tedominant  topographic  characteristic  of  the  region  is  long, 
arallel  ridges  separated  by  flat  bottomed  valleys,  the  whole 
-save  the  sharpest  ridges — diversified  by  a  plexus  of  narrow 
tream  cut  valleys  and  intervening  minor  hills ;  the  great  rivers 
rander  meanderingly  through  the  mountain  ranges  while  the 
mailer  streams  and  secondaries  generally  gather  in  elongated 
rains  bounded  by  the  ranges,  and  both  large  and  small  streams 
low  rapidly  over  the  rocky  bottoms  of  narrow,  steep-sided 
avines  or  gorges ;  and  the  civil  boundaries  and  the  routes  of 
ravel  and  traffic  are  generally  determined  by  the  parallel 
idges  and  greater  waterways,  while  the  industries  are  deter- 
nined  largely  by  the  resources  of  the  rocks— anthracite  and 
rther  coals,  iron,  building-stone,  etc., — the  thin-soiled  mountain 
lopes  being  unsuited  for  agriculture  and  allied  pursuits. 

The  Pieamont  region  comprises  an  area  of  highly  inclined 
srystalline  rocks,  abundantly  diked,  veined  and  faulted;  its 
rorface  is  a  rather  strongly  undulating  plain  without  con- 
spicuous eminences,  inclined  seaward,  and  everywhere  graven 
feeply  by  the  larger  and  to  proportionately  less  depths  by 
■he  smaller  waterways,  which  thus  give  origin  to  endless 
nazes  of  minor  hills;  its  hydrography  comprises  the  great 
ivere  which  meander  irregularly  through  it,  and  a  widely- 
inching  dendritic  system  of  secondary  and  tertiary  drainage 
in  which  the  individual  members  have  no  uniformity  in  direc- 
tion, in  which  the  basins  are  irregularly  rounded  or  pyriform, 
md  in  which  the  divides  are  low  and  inconspicuous  and  con- 
stantly curving  and  recurving  in  labyrinthine  convolutions; 
while,  as  in  the  Appalachian  region,  both  the  larger  and  smaller 
streams  are  unnavigable  and  rush  rapidly  over  the  rocky  bot- 
toms of  sharply  cut  valleys,  the  declivity  of  the  streams  cul- 
minating at  the  seaward  side  of  the  zone,  where  all,  river  and 
rivulet  alike,  descend  to  tide  level  in  cataracts  and  rapids. 
The  civil  boundaries  of  the  region  follow  the  waterways  and 
transect  the  divides,  the  lines  of  traffic  are  either  confined  to  the 
greater  valleys  or  distributed  over  the  surface,  and  the  pursuits 
>f  the  people  are  largely  determined  by  the  soil  and  its  pro- 
nets. 

In  the  southern  part  of  the  area,  the  Appalachian  and  Pied- 
ont  zones  are  sharply  separated  by  the  Blue  Ridge — the  east- 
omost  member  of  the  parallel  Appalachian  series ;   but  in 


122  W.  J.  McOee— Three  Formations  qf 

Pennsylvania  this  mountain  ridge  looses  its  integrity  and  cc 
tinuity  and  the  boundary  between  the  two  zones  is  indefinil 
while  in  northern  New  Jersey  and  southern  New  York  tl 
natural  boundary  fails  and  only  an  arbitrary  demarcation  a 
be  drawn  between  the  zones  so  sharply  distinguished  in  Vi 
ginia  and  Maryland. 

The  Coastal  plain  extends  from  the  line  of  cataracts  ar 
crystalline  rocks  to  the  ocean.  Structurally,  it  consists  < 
generally  incoherent  deposits  of  later  Mesozoic  and  Cenozo 
age,  slightly  inclined  seaward  but  otherwise  undisturbec 
topographically,  it  is  a  plain,  trenched  by  broad  but  shallo 
tidal  estuaries  and  thus  separable  into  smaller  plains  whic 
sometimes  undulate  gently  but  irregularly,  ana  again  tal 
the  form  of  steeply-scarped  terraces  miles  in  extent,  cut  I 
steep-sided  ravines  and  deeply  scalloped  along  the  greati 
waterways ;  the  hydrography  comprises  the  broad  flat-bottome 
estuaries  into  which  tne  principal  rivers  are  transformed  c 
entering  the  plain,  and  local  drainage  systems  of  widely  brand 
ing  dendritic  type  in  which  the  principals  are  also  general! 
estuarine  toward  their  mouths ;  the  divides  are  but  labyrintl 
ine  and  crenulated  remnants  of  an  imperfectly  drained  plai 
only  partially  invaded  by  erosion ;  and  throughout  the  regie 
the  water  is  slack  except  toward  the  heads  of  the  adoleeoei 
drainage  ways.  The  political  boundaries  and  principal  lin< 
of  traffic  are  determined  by  the  great  water  avenues,  while  tl 
civil  boundaries  and  lesser  lines  of  traffic  are  independent  < 
the  physiography,  and  the  industries  grow  out  of  the  produc 
alike  of  sea  and  soil  and  out  of  the  natural  facilities  for  trafl 
and  transportation. 

The  common  boundary  of  the  Piedmont  region  and  tl 
Coastal  plain  is  one  of  the  most  strongly  marked  physiograpk 
and  cultural  lines  on  the  land  surface  of  the  globe :  On  tl 
one  hand  there  is  a  great  series  of  crystalline  rocks  giving  o 
gin  to  a  characteristic  soil  in  which  all  streams,  from  the  gr» 
est  rivers  to  the  smallest  brooks,  flow  through  constrict 
gorges  in  a  succession  of  cataracts  or  rapids ;  while  on  t 
other  hand  there  is  a  series  of  incoherent  and  undisturbed  < 
posits  of  clay,  sand,  and  gravel  through  which  the  wate 
gathering  in  the  more  elevated  zones,  move  sluggishly  in  brc 
tidal  estuaries  The  boundary  has  long  been  Known  amo 
students  of  manufacturing  industries  as  the  fall-line  ;  yet  it 
even  more  noteworthy  as  a  line  of  deflection  in  the  riv 
than  as  one  of  declivity.  The  great  waterways  of  the  Mid 
Atlantic  Slope  maintain  their  courses  through  Appalach 
ranges  and  Piedmont  highlands  alike ;  but  on  reaching  the  1 
lying  Coastal  plain  they  are  turned  aside,  literally  by  a  ss 
bank  little  higner  than  their  depth,  and  thence  hug  the  1 
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lock  margin  for  scores  of  miles  before  finally  finding  their  way 
into  the  open  ocean.  By  this  deflection  of  the  rivers  the  north- 
ern half  of  the  Coastal  plain  is  nearly  insulated ;  the  isthmuses 
between  the  Baritan  and  the  Delaware,  between  Claybank 
creek  and  Elk  river,  between  the  Patapsco  and  the  Anacostia, 
and  between  Potomac  creek  and  the  Kappahannock,  from  tide- 
water to  tide- water,  are  low,  and  but  20,  15,  25,  and  5  miles 
in  width  respectively ;  measured  directly  along  the  fall-line,  so 
that,  the  Hudson  is  barred  from  the  Rappahannock  by  only 
about  60  miles  of  land  and  unnavigable  water.  The  deflected 
portions  of  the  rivers  indeed  occupy  a  great  trough  skirting  and 
accentuating  the  Piedmont  escarpment.*  This  remarkable 
physiography  has  materially  affected  the  culture  of  the  region : 
The  pioneer  settlers  of  the  country  ascended  the  tidal  canals  to 
the  falls  of  the  rivers  where  they  found,  sometimes  within  a 
mile,  clear  fresh  water,  the  game  of  the  hills  and  woodlands 
and  the  fish  and  fowl  of  the  estuaries,  and,  as  the  population  in- 
creased, abundant  water-power  and  excellent  mill  sites,  easy 
ferriage  and  practicable  bridge  sites ;  here  the  pioneer  settle- 
ments and  towns  were  located ;  and  across  the  necks  of  the  in- 
ter-estuarine  peninsulas  the  pioneer  routes  of  travel  were  ex- 
tended from  settlement  to  settlement  until  the  entire  Atlantic 
Slope  was  traversed  by  a  grand  social  and  commercial  artery 
stretching  from  New  England  to  the  Gulf  States.  As  the 
population  grew  and  spread,  the  settlements,  villages,  and  towns 
along  this  line  of  Nature's  selection  waxed,  and  many  of  them 
yet  retain  their  early  prestige — for  Trenton,  Philadelphia, 
Wilmington,  Baltimore,  Washington,  Fredericksburg,  Kich- 
mond,  and  Petersburg  are  among  the  survivors  of  the  pioneer 
Kttlements;  and  the  early  stage  route  has  become  a  great 
railway  and  telegraph  line  connecting  North  and  South  as  they 
were  connected  of  old  in  a  more  primitive  fashion.  The  in- 
fluence of  natural  conditions  upon  man  and  his  institutions  is 
nowhere  else  more  strikingly  exemplified. 

No  discussion  of  the  phenomena  of  the  Atlantic  slope  is 
intelligible  without  clear  comprehension  of  the  great  physio- 
graphic divisions  into  which  it  is  naturally  separated.  These 
ainsions  are  represented  graphically  in  the  accompanying 
stereogram,  which  also  exhibits  the  essential  continuity  of  the 
Doastal  plain  to  the  great  submarine  escarpment  off  the  Atlan- 
ta coast ;  the  submarine  profiles  being  based  on  soundings  by 
he  Coast  Survey,  the  Fish  Commission,  etc.,  while  the  indi- 
ated  sub-marine  structure  is  hypothetic. 

•  It  it  shown  elsewhere  (7th  Annual  Report,  U.  S.  Geol.  Survey)  that  this 
High  is  due  to  a  post-Tertiary  displacement  along  which  movement  is  now  in 
ogress,  probably  at  a  rate  as  high  as  in  the  well-known  recent  faults  of  the 
aseidi  or  the  Sierras. 
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Four  years  ago  the  writer  undertook  to  ascertain  the  origin 
and  relations  of  certain  conspicuous  deposits  in  the  District  of 
Columbia,  under  the  direction  and  auspices  of  the  U.  S. 
Geological  Survey.  It  was  soon  found  that  while  certain  for- 
mations of  the  region — especially  those  containing  fossils,— 
had  received  more  or  less  study,  while  the  various  formations 
had  been  classified  by  means  of  the  fossils  contained  in  a  few 
of  them,  and  while  the  entire  region  had  even  been  repeatedly 
mapped  geologically,  nothing  was  accurately  known  of  the 
exact  relations  of  the  different  fossiliferous  and  unfossiliferons 
deposits  forming  the  portion  of  the  Coastal  Plain  within  and 
contiguous  to  the  District  of  Columbia ;  it  was  soon  found, 
moreover,  that  the  formations  in  question  are  not  only  gen- 
erally unfossiliferous  in  the  district,  but  that  the  deposits 
themselves  are  destitute  of  constant  and  definite  petrographic 
and  structural  characters  whereby  the  stratigraphy  might  be 
ascertained ;  and  thus  it  was  early  found  difficult,  if  not  impos- 
sible, either  to  correlate  the  different  local  exposures  and  de- 
posits among  themselves,  or'  to  establish  their  relations  to 
formations  already  classified  elsewThere  by  commonly  employed 
methods.  Accordingly,  the  investigation  was  commenced  de 
novo;  and  in  default  of  fossils  or  definite  structural  characters, 
locally  applicable  methods,  standards,  and  criteria  were  devel- 
oped as  the  work  progressed :  Conditions  of  deposition  were 
inferred  from  deposits,  and  continent-movement  was  in  turn 
inferred  from  evident  conditions  of  deposition  superinduced 
thereby  ;  conditions  of  degradation  in  unsnbinerged  areas  were 
inferred  from  the  topographic  forms  thereby  developed,  and, 
since  degradation  is  preeminently  dependent  on  base-level, 
another  means  of  inferring  continent-movement  was  thus 
evolved  ;  the  record  of  events  interpreted  from  earth-forms 
fashioned  in  accordance  with  determinate  principles  on  the 
one  hand  was  compared  with  the  record  interpreted  from  cor- 
relative deposits  on  the  other  hand,  and  history  was  thus  de- 
duced from  independent  but  consistent  and  cumulative  testi- 
mony; and  final  correlations  were  made  through  deposits 
regarded  not  only  as  rocks  but  also  as  indices  of  continent 
movement,  and  at  the  same  time  through  the  correlative  topo- 

fraphic  forms.     In  short,  the  methods,  standards,  and  criteria 
ave  been  of  necessity  physiographictrather  than  paleontologic 
or  petrographic. 

Certain  preliminary  results  of  the  work  appear  of  sufficient 
moment  to  merit  a  place  in  the  standard  medium  of  American 
students  of  science.  They  are  summarized  in  the  following 
pages. 

In  the  present  sensitive  if  not  revolutionary  condition  ot 
geologic  terminology,  it  may  be  wise  to  define,  without  spe- 
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ially  defending,  the  term  "  formation  "  as  employed  in  this 
rticle.  It  is  applied  to  a  naturally  defined  series  of  deposits, 
vidently  formed  by  a  definite  set  of  agencies  within  a  deter- 
oinate  area  during  a  definitely  limited  period — an  easily  rec- 
ognizable structural,  chropologic,  and  taxonomic  unit 

The  formations  described  are :  (I)  the  Potomac,  consisting 
>f  irregularly  bedded  and  heterogeneous  sand,  clay,  arkose, 
jravel,  etc.,  of  Mesozoic  age  and  forming  the  base  of  the 
jeries  of  unaltered  deposits  of  the  Coastal  plain,  named  from 
he  river  on  which  it  is  best  developed;  (2)  the  Appomattox, 
i  series  of  predominently  orange-colored  sands  and  clays  of 
later  Tertiary  age,  also  named  from  the  river  on  which  it  is 
typically  exposed ;  and  (3)  the  Columbia,  a  series  of  delta  and 
mociated  littoral  deposits  formed  during  a  brief  period  of 
submergence  in  early  Quaternary  time,  named  from  the  dis- 
trict in  which  it  is  typically  developed  and  in  which  it  is  first 
systematically  studied.  Certain  deposits  of  each  of  the  for- 
mations have  already  been  investigated  by  different  geologists, 
but  they  have  not  hitherto  been  correlated  and  systematically 
oombined.  The  Potomac  formation  has  already  found  place 
in  geologic  literature  and  taxonomy ;  the  Columbia  has  been 
defined  and  briefly  described  in  print  ;*  but  the  Appomattox 
is  here  defined  and  named  for  the  first  time. 

Professor  William  M.  Fontaine  began  hi6  elaborate  investi- 
gations of  the  later  Mesozoic  formation  and  its  flora  in  Yir- 
E'ria  some  time  before  the  study  of  the  contemporaneous 
posits  of  the  District  of  Columbia  was  taken  up  by  the 
wnter ;  but  a  meeting  was  soon  arranged,  notes  were  compared 
ind  exchanged,  and  a  detailed  examination  of  the  principal 
exposures  in  Virginia,  in  the  District,  and  in  Maryland  south 
of  Baltimore,  in  which  Mr.  Lester  F.  Ward  participated,  was 
undertaken  in  the  summer  of  1885  ;  during  this  joint  study 
the  characters  of  the  Potomac  formation  were  worked  out  and 
its  name  (previously  proposed  by  the  writer)  adopted,  the 
Appomattox  formation  was  discriminated,  and  many  features 
w  the  Columbia  formation  were  brought  to  light;  and  it  is  a 
pleasure  not  only  to  acknowledge  indebtedness  to  these  gentle- 
awn,  and  especially  the  former,  for  the  greater  share  of  our 
knowledge  of  the  Potomac  and  Appomattox  formations,  but 
to  record  their  substantial  concurrence  in  the  following  state- 
ments  and  inferences  concerning  them.  It  is  an  equal  pleas- 
ire  to  add  that  the  phenomena  of  the  Columbia  formation 
lave  been  more  or  less  carefully  examined  in  the  vicinity  of 
Washington  by  the  same  gentlemen  and  several  other  geolo- 

#  Rep.  Health  Officer  of  the  District  of  Columbia,  1884-85  (1886),  20;  this 
■OHM,  III,  tttj,  1886,  473;  Proa  A.  A.  A.  S.,  ravi,  1888,  221,-  etc. 
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gists,  that  acknowledgments  are  due  to  them  for  pertinent  and 
valuable  suggestions,  and  that  all  coincide  in  the  essential  con- 
clusions as  to  its  genesis  and  age  set  forth  in  subsequent  pages. 

The  Potomac  Formation. 

Character  and  Distribution. — The  southernmost  observed 
occurrence  of  the  formation  is  at  Weldon,  N.  C,  where  a  bed  of 
obscurely  stratified  arkosc,  interspersed  with  well  rounded 
quartzite  pebbles,  appears  in  the  north  bank  of  the  Roanoke 
beneath  the  railway  bridge  The  deposit  rests  on  an  unequally 
eroded  surface  of  gneiss,  is  not  over  a  foot  thick,  and  is  unfoe- 
silif crous ;  but  its  composition  and  structure  are  characteristic, 
and  there  is  little  doubt  as  to  its  identity. 

Better  exposures  occur  on  the  Nottoway  river  just  below 
Boiling's  bridge.  An  irregularly  and  obscurely  stratified 
arkose,  unquestionably  belonging  to  this  formation,  here  rises 
four  or  five  feet  above  low  water;  and  is  unconformably  oto^ 
lain  by  three  or  four  feet  of  stratified  greenish-blue  clay  contain* 
ing  Eocene  fossils  ;  and  exposures  of  similar  character  occasion- 
ally occur  in  the  river  channel  within  the  next  five  miles  np 
stream.  In  all  of  these  outcrops  the  deposit  exhibits  atypi- 
cal and  easily  recognizable  aspect :  it  is  a  nearly  homogeneous, 
granular,  loosely  aggregated,  almost  mealy  mass  01  quartz 
grains  (generally  angular  but  sometimes  rounded),  flakes  and 
grains  of  kaolin  (sometimes  so  little  decomposed  as  to  retain  the 
form  of  the  parent  crystals  of  feldspar),  and  scales  of  mica, 
with  an  unimportant  admixture  of  loamy  particles,  and  now 
and  then  a  rounded  or  irregular  pellet  of  white  plastic  clay. 
The  fresh  surface  is  commonly  light  gray  in  color,  but  is  fre- 
quently flecked  with  white  and  stained  with  brown  in  curiously 
curved  lines.  In  structure  it  is  either  massive  or  obscurely 
stratified  and  cross-laminated  ;  but  even  where  the  bedding  ifl 
most  distinct  it  is  rarely  consistent  and  continuous  for  more 
than  a  few  feet  vertically  or  a  few  yards  horizontally.  Except 
for  its  obscure  structure  planes,  its  pellets  and  lenticular  pock- 
ets of  clay,  and  the  slight  admixture  of  loamy  matter,  the  mass 
could  hardly  be  distinguished  from  decomposed  granite  or 
gneiss  in  situ.  Some  of  these  deposits  on  the  Nottoway 
river  were  observed  and  referred  to  the  "  secondary  class  of 
rocks  "  by  TV.  B.  Rogers  in  1839  ;*  but  a  propos  to  the  inter- 
esting question  of  geographic  changes  during  the  historic 
period,  it  is  significant  that  Kogers  failed  to  find  the  formation 
where  it  is  now  best  exposed  but  found  it  "  nearly  on  a  level 
with  the  water"  at  a  point  "about  4  miles  above  Bollins^B 
bridge "  where  it  now  rises  fully  8  feet  above  the  river ;  the 

*  Geology  of  the  Virginias,  1884,  261.    • 
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ications  being  that  the  river  has  here  deepened  its  channel 
eral  feet  since  1839. 

Che  next  exposures  of  the  formation  occur  on  the  Appomat- 
:  between  Petersburg  and  its  mouth  at  City  Point ;  the  most 
ispicuous  being  Point  of  Rocks  (some  four  miles  above  the 
>uth)  where  the  larger  part  of  the  material  is  an  arkose  simi- 
to  that  on  Nottoway  river,  interspersed  with  well  rounded 
artz  and  quartzite  pebbles  and  rounded  or  irregular  masses 
plastic  clay,  interstratified  with  laminated  clay  beds,  and  the 
lole  so  firmly  lithified  that  the  solid  quartzite  pebbles  fracture 
readily  as  the  matrix.  The  deposit  here  forms  a  prominent 
iff  50  or  60  feet  high,  the  material  of  which  has  been  largely 
tarried  as  a  building  stone. 

On  James  river  the  formation  is  notably  exposed  between 
chmond  and  Deep  Bottom,  a  few  miles  above  the  mouth  of 
e  Appomattox.  Perhaps  the  most  abundant  constituent  is 
kose,  such  as  occurs  on  the  Nottoway,  generally  friable  but 
metimes  lithified  ;  but  the  arkose  beds  are  frequently  interes- 
ted with  beds  of  massive  or  laminated  clay  ana  heterogeneous 
nd  or  gravel,  sometimes  forming  the  greater  part  of  the  mass. 
Tiere  laminated,  and  especially  in  the  lenticular  bands  inter- 
lated  between  beds  of  arkose,  the  clay  frequently  contains 
ell  preserved  impressions  of  leaves;  and  silicified  wood  is 
•mmon  in  the  sandy  and  gravelly  portions,  as  are  lignitized 
anks  and  branches  of  trees  in  the  beds  of  clay.  One  of  the 
oet  conspicuous  elements  in  the  deposits  exposed  on  James 
?er  is  its  large  pebbles  and  bowlders,  reaching  three  or  four 
et  in  diameter,  sometimes  of  Piedmont  gneiss  (which  crops 
it  in  the  river  channel  within  a  few  miles  of  Dutch  Gap), 
it  more  frequently  of  quartzite  sometimes  containing  Scolithus 
wrings  and  casts  of  brachiopods  identifying  it  with  the  axial 
lartzites  of  the  Blue  Ridge.  It  is  noteworthy  that  "W.  B. 
ogere  recognized  the  materials  of  this  formation  in  borings 
om  an  artesian  well  at  Fort  Monroe  at  a  depth  of  885-907 
et* 

Interesting  exposures  of  the  formation  occur  on  the  South 
una  river  (where,  as  at  Point  of  Rocks,  it  is  in  part  a  firmly 
hified  arkose  containing  well  rounded  pebbles  of  quartz  aqd 
ies  and  pellets  of  plastic  clay)  as  well  as  on  the  Little  river, 
e  North  Anna,  the  Mat,  the  Taponi  and  its  tributaries,  on 
usaponax  creek,  and  indeed  in  nearly  every  considerable 
Bey  or  deep  ravine,  and  occasionally  on  the  surface,  between 
\  South  Anna  and  the  Rappahannock.  It  is  generally  over- 
]  by  the  orange  sands  and  clays  of  the  Appomattox  forma- 
l ;  and  in  the  neighborhood  oi  Hanover  Junction  it  reposes 
jonformably  upon  the  petrographically  similar,  but  disturbed 

*  Ibid.,  738-5. 
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and  diked,  Rhaetic  beds.     Here  too,  the  quartzite  pebbles,  to 
abundant  on  the  James  and  Appomattox,  disappear. 

About  Fredericksburg  the  formation  is  well  exposed  and  ex- 
hibits some  noteworthy  characters :  it  consists  predominantly 
of  locally  lithified  arkose  with  abundant  pebbles  either  irregu- 
larly disseminated  or  arranged  in  bands  and  beds,  and  numerous 
bowlders  of  gneiss  and  vein-quartz  (quartzite  being  altogether 
absent)  up  to  two  feet  or  more  in  diameter,  together  with  hete- 
rogeneous sand  containing  a  considerable  element  of  finely 
divided  diffused  clay;  while  lenticular  beds  of  clay  are  fre- 
quently intercalated  in  both  arkose  and  sand,  and  in  some  expo- 
sures constitute  the  major  part  of  the  mass.  As  on  the  James, 
the  clay  is  massive,  obscurely  bedded,  or  finely  laminated,  and 
sometimes  contains  abundant  leaf  impressions ;  and  here,  as 
elsewhere,  silicified  and  lignitized  wood  are  common  in  the  sand 
and  clay  respectively. 

Thus,  south  of  the  Rappahannock  the  formation  consists  of 
an  indivisible  mass  of  arkose,  sand,  clay  and  gravel,  generally 
overlapped  by  the  Tertiaries,  and  exposed  only  along  waterways 
and  over  a  limited  area  between  the  two  Anna  rivers. 

North  of  the*  Rappahannock  the  formation  increases  in  vol- 
ume and  in  diversity,  and  forms  the  surface  over  a  zone  sevenl 
miles  in  width  between  the  Eocene  margin  and  the  Piedmont 
crystallines.  Near  the  mouth  of  Acquia  creek  it  has  an  observed 
thickness  of  ISO  feet,  mainly  of  lithified  arkose  (long  known 
as  a  fairly  valuable  building  stone  and  extensively  used  in  old 
structures  in  Washington,  Alexandria,  and  Fredericksburg), 
intercalated  with  plant-bearing  clav  beds.  Midway  between 
Fredericksburg  and  Acquia  creek  tlie  characteristic  phases  of 
the  formation  as  developed  in  the  south  are  found  to  be  over- 
lain by  a  bed  of  clay  of  obscure  or  inconstant  structure,  con- 
taining occasional  intercalations  of  arkose  or  beds  of  pebbles', 
and  this  clay  deposit,  which  lies  beneath  the  Eocene  and  fc  I 
generally  unfossiliferous,  increases  in  thickness  northward.  At 
the  same  time,  isolated  patches  of  gravel  identical  with  that  of 
the  body  of  the  formation,  and  evidently  outliers  insulated  by 
erosion,  begin  to  appear  along  the  marginal  portion  of  the  j 
Piedmont  /.one,  generally  capping  eminences  of  circumdenuda-  4 
Hon.  These  outliers  are  sometimes  25  or  30  miles  within  the 
fall-line. 

Hot  ween  Acquia  creek  and  Washington  the  formation  con- 
tinues to  form  the  surface  over  a  considerable  zone";  its  lower 
part  maintains  the  characters  exhibited  farther  southward,  as 
shown  by  excellent  outcrops  at  many  points  on  the  Potomac 
river,  and  in  ravines  and  railway  cuttings  to  the  westward  :  and 
the  superjacent  clays  progressively  increase  in  thickness  with- 
out material  change  in  character.     On  Occoquan  river  quartzite 
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ibbles,  which  are  absent  southward  nearly  to  the  James,  again 
)pear,  and  at  Pobick  creek  become  an  important  element  in 
le  formation ;  while  the  leaf  impressions  so  abundant  to  the 
mthward  disappear. 

About  Washington  the  formation  comprises  two  members 
unetimes  discriminated  with  difficulty  but  apparently  uncon- 
frmable,  the  lower  consisting  of  friable  arkose  or  more  hete- 
neous  sandstone,  with  lenticular  partings  and  intercalated 
;  of  clay  and  notable  accumulations  of  quarzite  pebbles 
(yhich  in  the  westernmost  outcrops  become  respectable  bowl- 
ers), and  the  upper  consisting  of  irregularly  and  discontinu- 
ity bedded  clays,  with  occasional  intercalated  beds  of  sand 
nd  pebbles.  The  clays  comprising  the  greater  part  of  the 
pper  member,  like  those  intercalated  within  the  lower,  are  of 
bectire  or  inconstant  structure,  variable  in  composition,  and 
iveree  in  color :  they  are  sometimes  massive  and  again  finely 
iminated,  now  silty  and  unctuons,  again  made  up  of  flakes  and 
diets  of  kaolin,  and  elsewhere  intermingled  with  sand  and 
rit;  they  are  commonly  gray,  whitish,  or  lead-colored,  but 
gain  pure  white,  blue,  black,  pink,  red,  brown,  purple,  or 
lottlea  with  part  or  all  these  colors,  generally  in  soft  and  deli- 
ate  tints.  Silicified  and  lignitized  wood  and  even  lignitized 
tumps  m  situ  occur  in  botlT  members ;  but  identifiable  plant 
emains  are  not  here  found.  Both  members  are  locally  stained 
nd  cemented  by  ferruginous  infiltrations.  Isolated  outliers, 
utde  up  principally  of  well-rounded  quartzite  and  vein-quartz 
ebbles  up  to  six  or  eight  inches  in  diameter,  crown  eminences 
n  both  sides  of  the  Potomac  river,  some  of  those  on  the  south 
ccurring  fully  twenty  miles  west  of  the  continuous  formation 
•oundary.  In  this  latitude  the  formation  generally  constitutes 
he  gnrface  over  a  belt  fully  fifteen  miles  in  with,  from  the 
ledmont  gneiss  on  the  west  to  the  overlapping  Eocene  beds 
>n  the  east;  but  the  eastern  boundary  cannot  be  accurately 
Irawn  by  reason  of  the  puzzling  graduation  into  newer  de- 
writs,  sometimes  filling  ravines  ana  sometimes  covering  con- 
iderable  areas,  made  up  of  redeposited  Potomac  materials. 
Attention  was  called  to  the  deposits  of  the  formation  at  Wash- 
ogton  by  W.  B.  Rogers  in  1875* 

Between  Washington  and  Baltimore  the  upper  division  of 
ie  formation  (the  "  Iron  Ore  Clays "  of  Tyson  f)  forms  the 
irface  generally  and  is  extensively  exposed  in  the  cuttings  on 
)th  railways  and  in  the  numerous  workings  from  which  dis- 
minated  nodules  of  carbonate  of  iron  are  extracted,  and  has 
cently  yielded  abundant  dinosaurian  remains ;  and  at  Balti- 

*  Proa  Boat  Soc.  Nat.  Hist,  toI.  xviii,  1875. 

f  1st  Rep.  State  Agricultural  Chemist  of  Md.,  I860,  30,  42. 

iM.  Jour.  Scl  —Third  Series,  Vol.  XXXV,  No.  206.— Feb^  1888. 
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more,  as  well  as  on  the  Patuxent  and  Patapsco  riven  and  their 
tributaries,  the  lower  division  is  exposed  and  occasionally  yield* 
plant  remains  closely  allied  to  those  found  in  Virginia. 

Both  members  of  the  formation  appear  in  the  precipitin 
shores  of  the  head  of  Chesapeake  bay,  the  sandstone  only  on 
the  north,  but  the  white,  bine,  purple  and  varigated  days  on 
both  east  and  west ;  and  along  Sassafras  river  these  clays  ire 
unconformably  overlain  by  the  pyritous  clays  and  green&nd* 
of  the  Maryland  Cretaceous.  Identifiable  fossils  have  not  been 
found  in  the  sandstone  member  at  this  locality ;  but  a  few 
plant  remains  were  found  in  the  clays.  The  magnificent  ex- 
posures of  both  the  Potomac  and  Columbia  formations  here 
are  described  in  detail  and  fully  illustrated  elsewhere.* 

Extensive  outliers  of  gravel  occur  on  both  sides  of  the  Sus- 
quehanna several  miles  from  the  body  of  the  formation,  notaMj 
at  Webster  on  the  south  and  Woodlawn  (or  Battle  Swamp)  on 
the  north  of  the  ritfer. 

In  extreme  northeastern  Maryland  and  in  northern  Dela- 
ware the  sandstone  member  of  the  formation  is  not  exposed  * 
a  continuous  body,  though  it  is  represented  by  occasional  iso- 
lated outliers  of  gravel  upon  the  marginal  Piedmont  hills;  trot 
the  superjacent  clays  appear  in  a  number  of  localities,  and  form 
the  subterrane  over  a  considerable  zone  parallel  with  the  Pied- 
mont escarpment  They  have  been  studied  by  Chester,  who 
designates  tliem  "  Plastic  Clays,"  and  refers  them  to  the  "Lower 
Cretaceous  (Wealdon  ?)."f 

So  between  the  Rappahannock  and  the  Brandy  wine  the  for- 
mation is  a  continuous  terrane,  consisting  of  a  series  of  days 
reposing  perhaps  unconformably  upon  a  series  of  sands  and  J 
gravels,  while  outliers  of  the  inferior  division  crown  the  crests  ! 
of  the  Piedmont  plateau  many  miles  from  the  main  body ;  but 
northward  it  contracts  and  is  again  represented  only  by  isolated 
remnants  and  exposures. 

In  southeastern  Pennsylvania  both  members  of  the  forma- 
tion have  been  recognized  by  different  geologists  and  have  been 
variously  classed.  Clays  apparently  representing  the  upper 
member  occur  in  the  northeastern  part  of  Philadelphia  county 
where  they  have  been  referred  to  the  Wealden  ;±  the  gravellv 
outliers  representing  the  lower  member  in  the  vicinity  of  Phil- 
adelphia have  been  designated  the  "  Brvn  Mawr  Gravel"  (from 
a  locality  of  typical  outcrop)  and  referred  to  the  Tertiary  by 
Lewis  ;§  and  similar  exposures  in  Delaware  county  have  been 

*  "  Notes  on  the  Goology  of  the  Head  of  the  Chesapeake  Bay,'*  7th  Ann.  Rep. 
U.  S.  Geol.  Survey  (in  press). 

fProc.  Acad.  Nat.  J?ei.,  18.84.  250-1. 

%  2nd   Geol.   Surv.    Pa.,    Re^rt  X,  Hand   Atlas  of  Pa.,   J.  P.  Lesley,  18S5. 
Plate  46. 

gProc.  Acad.  Nat  Sei.  Phil,  xxxii,  180,  269,  272;    Ibid.  296,  et  *eq.;    Joura. 
Franklin  Inst,  xcv,  1803,  371-73;  and  elsewhere. 
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tapped  by  C.  E.  Hall,  who  designated  the  deposit  "  Ferrugin- 
08  Conglomerate,"  and  followed  Lewis  in  referring  it  to  the 
'ertiary.*  The  low-lying  clays  in  the  valley  of  the  Delaware 
re  not* well  exposed,  have  yielded  no  fossils,  are  not  known  to 
>e  connected  with  the  plastic  clays  of  Delaware,  and  cannot  be 
jertainly  correlated  witn  the  upper  member  of  the  formation  ; 
but  the  gravelly  outliers  belong  to  a  series  traced  from  the 
Rappahannock  river  northward,  everywhere  sustaining  identi- 
cal relations  to  the  underlying  rocks  and  to  the  topography, 
and  everywhere  petrographically  similar  to  a  characteristic 
phase  of  tne  formation  as  typically  developed  in  Maryland  and 
Virginia,  and  may  be  confidently  correlated  with  the  lower 
member.  Indeed,  in  the  exposure  in  Media  the  most  abund- 
ant materials  are' characteristic  kaolinic  arkose  and  more  hetero- 
geneous brown  ferruginous  sands  such  as  occur  about  the  head 
of  Chesapeake  bay,  coarse  gravel  being  but  a  subordinate  ele- 
ment, f  In  the  vicinity  of  the  Susquehanna  the  gravel  of  the 
outliers  is  generally  coarse  and  abundant ;  over  the  plateau  be- 
tween that  river  and  the  Schuylkill  it  is  finer  and  less  abund- 
ant: and  toward  the  latter  stream  it  again  grows  coarse  and 
the  outliers  become  more  conspicuous. 

North  of  the  Schuylkill  the  lower  member  is  typically  de- 
veloped at  several  localities  in  Rose  valley,  in  the  northwestern 
part  of  the  village  of  the  same  name.     The  deposit  is  an  ob- 
scurely bedded  arkose,  generally  friable  but  sometimes  lithified, 
containing  well  worn  quartz  and  quartzite  pebbles  both  dissem- 
inated irregularly  and  in  lines,  together  with  pellets  and  flakes 
of  day,  the  whole  similar  to  the  deposits  found  in  Virginia ; 
and  sincified  wood  occurs  in  small  quantities,  but  neither  leaf- 
impressions  nor  the  bands  of  clay  in  which  they  are  commonly 
preserved  were  found.     The  mass  is  irregularly  stratified  and 
evidently  undisturbed,  and  rests  directly  upon  tilted  Triassic 
sandstone.    Again,  three  or  four  miles  north  of  Conshohocken, 
extensive  deposits  of  white,  pink,  and  mottled  plastic  clay, 
petrographically  indistinguishable  from  the  upper  member  of 
flie  formation  where  typically  developed,  are  found  overlying 
gravelly  arkose.     The  clay  beds  are  largely  worked  for  pottery, 
while  the  subjacent  arkose  is  excavated  and  screened  for  build- 
ing sand  and  road  metal — indeed  there  is  a  considerable  area 
north  of  Conshohocken  and  Norristown  in  which  the  proxim- 
ity of  the  Potomac  is  proved  by  the  presence  of  its  materials 
in  roadways  and  foot-paths,  and  in  the  mortar  of  houses  and 
bams.    Still   farther  northward  outliers  of  gravel  generally 
finer  than  that  found  in  the  vicinity  of  the  Schuylkill  occur, 

*2ndGeol.  Surv.  Pa.,  Report  05,  1885,  10-13,  and  map. 
tC.  B.  Hall  notes  pebbles  6  inches  in  diameter  at  this  point ;  but  so  large  peb- 
t>ta  are  probably  rare,  and  were  not  found  by  the  writer. 
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as  in  the  neighborhood  of  Broad  Axe,  near  Three  Tuns,  three 
miles  northeast  of  Hatboro,  and  indeed  generally  on  the  sub- 
ordinate divides  and  eminences  northwest  of  Chestnut  Hill  and 
Edge  Hill.  The  gravel  in  these  outliers  is  line  (seldom  overall 
inch  in  diameter),  well  rounded,  generally  of  quartzite,  and 
commonly  imbedded  in  a  scant  matrix  of  arkose.  A  compac 
pinkish  quartzite  is  abundant  and  gives  distinction  to  the 
gravel. 

The  substantial  continuity  of  the  formation  as  represented 
by  outliers  is  here  broken,  no  exposures  being  known  between 
the  east-flowing  tributaries  of  Neshamin  creek  (near  Church- 
ville)  and  the  Delaware  river,  a  distance  of  nearly  twenty  miles; 
but  two  miles  above  Trenton  on  the  New  Jersey  side  of  the 
Delaware  there  is  a  distinctive  deposit  locally  known  as  the 
"  Yellow  Rocks,"  made  up  of  arkose,  sometimes  lithified  but 
generally  friable,  containing  abundant  well  rounded  (but  fre- 
quently disintegrated)  quartzite  pebbles,  disseminated,  ar- 
ranged in  lines,  or  accumulated  in  pockets,  together  with 
[)ellets  and  flakes  of  white  plastic  clay.  The  deposit  is  irregu- 
arly  stratified  and  inclines  northwestward,  but  at  a  consider- 
ably less  angle  than  the  immediately  subjacent  Triassic  strata. 
No  fossils  were  found  in  the  beds,  but  they  are  petrographi- 
cally  similar  to  those  everywhere  characteristic  of  the  lower 
division  of  the  Potomac  formation,  totally  unlike  those  of  the 
Triassic  sandstones  in  structure,  composition,  and  attitude, 
equally  unlike  the  Raritan  clays  found  in  the  vicinity,  and 

?[uite  distinct  from  the  gravels  and  loams  of  the  Colombia 
ormation  by  which  they  are  overlain ;  and  on  the  whole  it 
seems  evident  that  the  deposit  represents  the  sandstone  mem- 
ber of  the  Potomac  formation.  Somewhat  similar  and  prob- 
ably contemporaneous  deposits  of  stratified  sand  occur  two 
miles  below  Trenton  beneath  the  Raritan  clays. 

Midway  between  Princeton  and  New  Brunswick,  N.  J.,  an 
anomalous  and  hitherto  unclassified  deposit  of  friable  ferrugin- 
ous sandstone  crowns  the  southernmost  of  the  Triassic  trap 
ridges,  and  is  locally  known  as  the  "  Sand  Hills."*  It  con- 
sists of  massive  or  irregularly  stratified  and  sometimes  cross 
laminated  brown  sands,  occasionally  cemented  by  ferruginous 
infiltration,  with  a  few  intercalated  lines  of  white  or  pinkish 
plastic  clay,  and  is  strikingly  similar  to  the  non-kaolinic  sands 
of  the  Media  outlier  and  or  the  body  of  the  formation  as  ex- 
posed north  of  the  head  of  Chesapeake  Bay.  This  outlier  is 
completely  isolated  and  unfossiliferous ;  but  it  is  distinct  from 
the  Triassic  sandstone  on  both  sides  of  the  ridge  in  all  diag- 
nostic features,  and  is,  moreover,  manifestly  newer  than  the 
trap  dike,  which  was  itself  formed  after  the  sandstone  was  de- 

♦Geology  Of  N.  J.,  1868,  227,  342. 
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posited.  At  the  same  time  it  is  too  unlike  the  well-defined 
Cretaceous  and  Tertiary  formations  found  a  few  miles  to  the 
southeast  to  warrant  correlation  with,  and  is  therefore  evi- 
dently older  than,  any  of  these  formations.  In  short,  it  appears 
to  be  a  remnant  01  a  formation  largely  removed  by  erosion 
before  the  later  Cretaceous  submergence,  just  as  are  the  Poto- 
mac outliers  in  Virginia  and  Maryland ;  and  on  this  indirect 
evidence  of  its  chronology  together  with  that  of  its  petro- 
graphy it  may  be  provisionally  referred  to  the  lower  member 
of  the  Potomac,  although  nearly  twenty  miles  from  its  neares 
supposed,  and  thirty-five  miles  from  its  nearest  known,  homo- 
kgue. 

It  should  be  noted  that  the  Raritan  clays,  which  are  perhaps 
equivalent  to  the  superior  member  of  the  Potomac,  and  almost 
eertainly  newer  than  the  sands  and  gravels  of  the  two  expo- 
sures just  mentioned,  are  tentatively  regarded  as  Jurassic  by 
Whitfield* 

Briefly,  the  Potomac  formation  consists  of  two  perhaps  un- 
conformable members,  of  which  the  upper  is  an  inconstantly 
bedded  and  protean  clay  of  variegated  colors,  either  clean  or 
sandy  and  pebbly,  and  the  lower  a  generally  friable  sandstone, 
arkose,  or  gravel  of  irregular  and  inconstant  structure.  The 
upper  member  extends  from  the  Rappahannock  at  least  to  the 
Itelaware  and  probably  to  the  mouth  of  the  Hudson,  either 
forming  or  closely  approaching  the  surface  over  a  somewhat 
sinuous  zone  275  miles  lone  and  only  ten  miles  or  less  in  maxi- 
mum width,  overlooked  throughout  bv  the  Piedmont  escarp- 
ment As  a  continuous  terrane  the  lower  member  forms  a 
still  narrower  zone  flanking  the  Piedmont  escarpment  from  the 
Appomattox  to  beyond  the  Susquehanna,  and  reappears  in  iso- 
lated exposures  southward  to  the  Roanoke  and  northward  to 
beyond  Delaware,  over  a  total  length  of  300  miles ;  while  as  a 
series  of  insulated  remnants  crowning  the  hills  of  circumdenu- 
dation  toward  the  coastward  margin  of  the  Piedmont  region  it 
occurs  occasionally  from  near  the  James  certainly  to  the  Dela- 
ware and  probably  to  the  Raritan,  over  a  zone  from  five  to  forty 
miles  in  width.  The  tenuity  of  these  zones  of  outcrop  is  but 
an  accident  of  degradation  and  deposition.  Studies  about  the 
head  of  Chesapeake  Bay  led  to  the  conclusion  that  the  former 
westward  extension  of  the  formation  can  be  reliably  inferred 
from  the  topographic  configuration  of  the  Piedmont  region, 
the  western  part  of  which  has  a  drainage  evidently  determined 
hy  lateral  heterogeneity  of  the  vertically-bedded  terrane  and  a 
characteristic  topography  resulting  therefrom,  while  the  eastern 

*Brachiopoda   and   Lamellibrachiata  of  the    Raritan   Clays   and  Greensand 
Harlsof  N.  J.,  Monog.  U.  S.  Geol.  Surv.,  ix,  1885  (Mem.  Geol.  Surv.  N.  J.,  1885), 

•0, 


184  W.  J.  McGee—TAree  Formations  of 

part  has  a  drainage  independent  of  the  varying  obduracy  < 
the  terrane  and  therefore  evidently  superimposed  by  a  form 
tion  (which  could  only  have  been  the  Potomac)  now  general! 
removed  by  erosion  ;  this  conclusion  has  since  been  verified  I 
the  discovery  of  isolated  remnants  of  the  Potomac  formatio 
on  many  parts  of  the  area  of  supposed  superimposed  drainage 
and  it  may  be  confidently  inferred  from  the  configuration  ( 
the  Piedmont  plain  that  about  half  of  its  area  north  of  tl 
James  River  (but  not  much  more  than  half)  was  submeige 
beneath  the  Potomac  6ea  and  at  one  time  covered  by  its  di 
posita  A  great  extension  of  the  formation  eastward  may  als 
be  inferred  from  the  Fort  Monroe  boring,  fifty  miles  from  tt 
nearest  outcrops,  in  which  undoubted  Potomac  deposits  wei 
found  in  considerable  volume.  The  thickness  of  the  form; 
tion,  either  original  or  present,  has  not  been  accurately  asce 
tained ;  the  upper  member  must  approach  350  feet  and  tl 
lower  250  feet  near  Baltimore  and  Acquia  creek  respective]; 
from  which  points  both  attenuate  gradually,  giving  an  aggn 
gate  (the  maxima  being  nearly  100  miles  apart)  of  perna] 
500  feet ;  and  while  the  loss  by  erosion  at  the  localities  t 
maximum  thickness  has  not  been  great,  it  cannot  be  readil 
evaluated. 

Stratigraphic  Relations. — South  of  the  James  river,  tl 
Potomac  deposits  rest  upon  an  irregularly  eroded  and  som 
times  deeply  ravined  surface  of  highly  inclined  crystallii 
rocks,  the  inequality  in  altitude  of  the  base  within  a  mile  c 
the  same  meridian  (the  formation  and  its  subsurface  having 
considerable  eastward  inclination)  reaching  100  feet  or  moi 
On  that  river  the  formation  rests  upon  the  irregular  surface 
the  Richmond  granite  at  the  "  fall-line,"  and  upon  the  tru 
cated  edges  of  highly  tilted  gneisses  and  schists  down  the  riv 
for  20  or  30  miles ;  while  to  the  westward  outlying  grav 
patches  repose  unconformably  on  the  tilted  and  fault* 
Khaetic*  beds  forming  the  Richmond  coal  field.  Near  Ha 
over  Junction,  the  upturned  Piedmont  crystallines  and  t 
faulted,  tilted,  and  diked  strata  of  the  Khsetic  are  ali 
overlain  by  the  Potomac  arkose  which  fills  deep  ravines  in,  a 
conceals  irregularities  of,  the  subjacent  surface ;  and  then 
northward  to  the  river  from  which  they  take  their  name,  t 
Potomac  sandstones  repose  unconformably  upon  irregula: 
eroded  surfaces  of  gneiss,  except  at  Drainesville  (25  miles  w 
of  Washington),  where  a  gravelly  outlier  rests  on  the  plai 
edges  of  tilted  Triassic  sandstones.  At  Washington  the 
equality  in  altitude  of  the  base  of  the  formation,  wThich  t 
dently  filled  the  valley  of  the  Mesozoic  progenitor  of  the 

*  Fontaine,  "  Older  Nfesozoic  Flora  of  Virginia,"  Monog.  TT.  S.  Geol.  Surv.. 
1883,  2,  96,  128. 
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tomac  river,  is  f ully  200  feet  within  a  mile  and  a  half.  North 
of  the  Potomac  river,  the  deposits,  both  in  the  main  body  and 
in  the  outliers,  generally  repose  upon  the  eroded  surface  of  the 
Piedmont  crystallines,  the  depth  of  local  ravining  reaching 
some  250  feet  about  the  mouth  of  the  Susquehanna  and  pro- 
portionately less  depths  on  the  smaller  streams  ;  but  the  great 
outlier  north  of  the  Schuylkill  in  Pennsylvania,  which  exhib- 
its all  of  the  characteristics  of  the  main  body  of  the  formation, 
rests  in  part  upon  crystallines,  in  part  upon  folded  Silurian 
limestones,  shales,  and  quartzites,  and  in  part  upon  degraded 
Triassic  sandstones  and  shales.  On  the  Delaware  the  "  Yellow 
Rocks,"  believed  to  represent  the  formation,  rest  upon  a  planed 
surface  of  tilted  Triassic  sandstone  and  highly  inclined  gneiss ; 
and  the  still  more  doubtfully  identified  outlier  forming  the 
uSand  Hills "'  near  the  Raritan,  rests  upon  an  apparently  eroded 
Triassic  trap  dike.  In  short,  the  formation  everywhere  reposes 
on  a  deeply  degraded  surface  of  upturned  Piedmont  crystal- 
lines, folded  Silurian  strata,  tilted,  faulted,  and  diked  Triassic 
sandstones,  and  diked  and  displaced  Rhsetic  beds;  and  it  is 
significant  that  this  surface  is  a  generally  uniform  plain,  in- 
clined seaward  and  deeply  incised  by  great  waterways,  coin- 
ciding closely  with  those  of  the  present. 

South  of  the  Rappahannock  the  Potomac  formation  is  over- 
lain by  the  Appomattox  formation,  the  fossiliferous  Miocene, 
and  the  Eocene  ;  between  the  Rappahannock  and  the  Patapsco 
it  is  overlain  by  the  Eocene ;  north  of  the  Patapsco  it  is  over- 
lain so  far  as  known  by  the  upper  Cretaceous  ;  and  in  the  ab- 
sence of  these,  and  up  to  certain  altitudes  indicated  later,  it 
is  overlain  by  the  Columbia  formation ;  the   relation  gener- 
ally, but  not  invariably,  being  one  of  visible  unconformity. 
The  unconformity  between  the  Columbia  and  the  Potomac  is 
well  exhibited  in  representative  sections  at  Fredericksburg,  Wash- 
ington, Baltimore,  and  the  head  of  Chesapeake  bay,  but  over 
the  interfluvial  plains  and  on  certain  slopes  about  Washington 
the  formations,  though  widely  diverse  in  age,  intergraduate  so 
imperceptibly  that  it  is  impossible  to  demark  them ;  there  is 
notable  unconformity  between  the  Appomattox  and  Potomac 
formations  on  the  Roanoke  and  in  some  sections  on  the  Appo- 
mattox and  James  rivers,  but  in  other  sections  on  the  last 
named  rivers  (at  Fredericksburg  and  elsewhere),  there  are  de- 
posits of  composite  character  certainly  belonging  to  one  or  both 
of  these  formations  which  cannot  be  discriminated  even  in  the 
same  section ;  the  Miocene  rests  on  the  Potomac  in  the  local 
ibsence  of  the  Eocene  at  Petersburg  and  Richmond,  but  no 
loteworthy  unconformities  have  been  observed  ;  the  Eocene  is 
nconformable  to  the  Potomac  on  the  Nottoway  and  generally 
ioat  Richmond,  and  notably  in  a  railway  cutting  near  Brooke 
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(where  two  deep  ravines  in  the  Potomac  are  filled  with  foenl- 
iferous  Eocene  deposits),  though  in  some  sections  at  Richmond 
the  two  cannot  be  discriminated,  and  at  Good  Hope  Hill, 
near  Washington,  Eocene  fossils  occur  in  deposits  made  up  of 
Potomac  materials  supposed  to  be  m  situ  before  the  discovery 
of  the  fossils ;  and  on  Sassafras  river  there  is  a  marked  uncon- 
formity between  the  pyritous  clays  and  greensands  of  the 
upper  Cretaceous  and  the  subjacent  Potomac  clays,  while  in 
the  best  section  about  the  head  of  Chesapeake  bay  (Mauldens 
Mountain)  the  sequence  from  massive  Cretaceous  greensand 
above  to  iron-bearing  Potomac  clay  below  is  unbroken  save  bv 
arbitrary  lines.  In  short,  it  is  evident  that  the  Potomac  ter 
rane  has  ever  lain  near  sea-level,  and  has  alternately  suffered 
less  by  denudation  and  accretion  by  sedimentation  during  oft- 
repeated  oscillations,  has  been  deeply  ravined  during  one  epoch 
only  to  have  the  ravines  filled  largely  with  its  own  materials  but 
with  some  foreign  matter  and  more  recent  fossils  during  the 
next,  and  has  contributed  material  to  each  newer  formation  of 
the  Coastal  plain.  Its  characteristic  pebbles  have  indeed  been 
successively  transferred  to  the  newer  Mesozoic  beds,  to  several 
of  the  Cenozoics,  and  finally  incorporated  in  the  Quaternary. 

There  is  an  apparent  unconformity  between  the  two  mem- 
bers of  the  Potomac,  marked  by  beds  and  pockets  of  gravel 
superimposed  upon  erosion  planes,  as  in  a  noteworthy  section 
three  miles  southeast  of  Washington  ;  but  since  local  unoonfor 
mitie8,  including  both  erosion  planes  and  accumulations  of 
gravel  and  bowlders,  occur  at  various  horizons  in  each  member, 
there  is  some  doubt  as  to  the  importance  of  this  apparent  nn 
conformity. 

Fossils. — Until  recently  animal  remains  were  believed  to  be 
exceedingly  rare  in  the  formation :  fragments  of  a  rib  of  a 
cetacean  and  part  of  the  teeth  and  bones  of  a  reptile  supposed 
to  be  related  to  the  Iguanodon  are  recorded  by  Tyson  from  the 
upper  member  in  Maryland,*  the  latter  being  the  Astrodw 
Johnstonii  of  Leidy  ;f  six  undescribed  species  of  the  fresl 
water  genera  Unio  and  Anodonta  and  several  "  ctenoid  list 
scales  "  associated  with  "leaves  of  dicotyledonous  trees"  ar( 
noted  from  the  upper  member  in  western  New  Jersey,  an( 
identical Un ros  "from  the  banks  of  the  Potomac"  by  Cope;: 
Conrad  described  from  the  plastic  clays  of  New  Jersey  (wnicl 
are  either  equivalent  to  or  newer  than  the  upper  division  o 
the  Potomac  formation,  but  which  he  regarded  as  Triassic) 
two    lamellibranchiates,  Astarte  veta,  and  A.  annosa  ;§  an< 

*  First  Report  Maryland  Agricultural  Chemist,  1860,  42  ;  cf.  Uhler,  Johns  Ho{ 
kins  University  Circulars,  vol.  ii,  No.  21,  1883,  53. 

t  Cretaceous  Reptiles  of  the  U.  S.,  Smithsonian  Contributions  to  Knowledge 
vol.  xiv,  1865, 102. 

%  Proc.  Acad.  Nat.  Sci.,  xx.  1868,  157.  §  Am.  Jour.  Conch.,  iv,  1868, 271 
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itfield  has  more  recently  recognized  from  the  same  clays 
ich  he,  too,  is  disposed  to  refer  to  the  Triassic)  five  lamel- 
tnchiates — Astarte  veta,  Ambonicardia  Cookii,  Corbieula 
cerata,  Carbictda  annosa  (Conrad's  Astarte  annosa\  and 
thodon  tenuides.*  In  the  course  of  an  examination  of 
formation  extending  over  some  years,  Fontaine  has  found 
a  single  animal  fossil,  viz  :  the  posterior  portion  of  a  homo- 
il  fish  about  the  size  of  a  salmon  from  the  lower  menti- 
on James  river.  Careful  search  during  the  past  three 
ths  has  led  to  the  discovery  of  moderately  abundant  dino- 
ian  remains  of  upper  Jurassic  type  and  the  upper  member 
reen  Washington  and  Baltimore,  some  of  which  have  al- 
y  been  described  by  Marsh.f 

t  several  points  on  the  Appomattox  and  James  rivers,  on 

Anna  rivers,  about  Fredericksburg,  on  Acquia  creek,  at 

imore,  and  at  a  number  of  other  localities  the  laminated 

of  clay  intercalated  within  the  lower  member  yield  abun- 

and  well  preserved  leaf  impressions ;   and  throughout  the 

le  extent  of  the  formation  both  members  abound  in  silici- 

and  lignitized  wood.     Fontaine  has  collected  and  investi- 

d  the  plant  remains,  and  has  just  sent  to  press  a  monograph 

aining  descriptions  of  over  370  species,  of  which  more  than 

are  new.     Extensive  collections  of  silicified  and  lignitized 

1  have  also  been  made  from  both  members  and  have  been 

stigated  by  Knowlton ;  and  eight  new  species  belonging  to 

new  genera  have  been  discriminated  and  are  described  and 

tratea  in  a  memoir  now  in  press.:): 

iewed  as  a  whole,  the  Potomac  flora  is  unique.  It  is, 
sover,  of  special  interest  in  that  it  records  a  stage  in  the  de- 

Snent  of  plant  life  not  known  to  be  represented  elsewhere 
e  globe.     The  plant  history  of  the  earth  falls  naturally 
two  eons,  instead  of  the  three  represented  by  animal  life, 
ng  the  first  of  which  the  various  non-dicotyledonous  forms 
cryptogams,   cycads,   conifers,  and    monocotyledons)    of 
aic  type  prevailed,  while  throughout  the  second  dicotyle- 
)ub  forms  of  modern  type  have  greatly  predominated, — the 
sition  from  the  archaic  to  the  modern  type  being  sudden, 
the  bipartite  division  being   consequently  stronger   and 
e  trenchant  than  the  tripartite  division  based  chiefly  on 
oal  remains.     Now  the  exact  period  of  transition  from  the 
laic  flora  to  the  modern  one   (hitherto   placed   about  the 
die  of   the   Cretaceous)  §  appears   to    be   represented   in 
Potomac  flora ;   there  is  a  commingling  of  primitive  and 
Jut  types  in  nearly  every  plant  bearing  clay  bed  ;  the  types 

♦Monog.  U.  S.  Geol.  Surv.,  vol.  ix,  1886,  23-27. 
'  This  Journal,  xxxv,  1888,  89-94. 

Bulletin  U.  S.  Geol.  Surv.  (in  press). 

Ward,  5th  Ann.  Rep.  U.  S.  Geol.  Survey,  1885,  Plate  lvi. 
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are  about  equally  represented  in  the  entire  section ;  and  the 
transition  is  recorded  not  only  in  the  commingling  of  types 
but  in  a  measure  by  the  assumption  of  modern  external  forms 
while  the  plants  yet  retained  the  archaic  internal  structure. 

It  is  significant  that  well  preserved  leaf  impressions  are  not 
found  in  the  formation  about  Washington,  in  the  lower  mem- 
ber at  the  head  of  Chesapeake  bay,  in  the  deposits  near  the 
Schuylkill,  in  the  "  Yellow  Rocks  "  at  Trenton,  nor  in  the  im- 
mediate vicinity  of  Richmond — the  plant-bearing  localities  on 
the  James  being  several  miles  from  the  fall-line, — i.  &,  about 
the  mouths  of  the  Mesozoic  prototypes  of  the  great  rivers  of 
the  region. 

Taxonotny. — The  general  facies  of  the  wonderfully  rich 
flora  most  closely  approaches  that  of  the  middle  and  lower 
Neocomian  of  Greenland  and  Europe,  and  Fontaine  is  disposed 
to  refer  the  formation  to  the  lower  Cretaceous  on  this  evi- 
dence ;  but  since  the  flora  is  manifestly  too  nearly  unique  to 
permit  precise  correlation,  and  since  Marsh  finds  the  verte- 
brate remains  to  be  distinctly  upper  Jurassic,  the  formation 
must  be  at  least  provisionally  assigned  to  the  latter  period. 

The  Tuscaloosa  formation  of  Alabama  appears  to  be  the 

f>recise  equivalent  of  the  Potomac  ;*  and  Hill  nas  recently  col- 
ected  data  indicating  that  the  Trinitv  formation  (Dinosaur 
Sand)f  of  Texas  and  Arkansas  is  coeval  with  the  Potomac  and 
Tuscaioosa4 

Sources  of  Material*. — Roughly  classified,  the  materials  of 
the  Potomac  formation  are  (1)  quartzite  pebbles,  (2)  quartz 
pebbles,  (3)  arkose,  (4)  quartzose  sand,  (5)  plastic  clay,  and  (S) 
various  combinations  of  these. 

1.  The  distribution  of  the  quartzite  pebbles  is  significant : 
They  are  abundant  and  large  on  James  river  but  diminish  rap- 
idly both  in  abundance  and  size  about  to  the  Appomattox  on 
the  south  and  the  South  Anna  on  the  north,  where  they  finally 
disappear — none  occurring  on  the  Nottoway  or  Roanoke,  nor 
on  the  North  Anna,  the  Rappahannock,  or  the  intermediate 
smaller  streams.     They  reappear  near  the  Occoquan,  and  in- 
crease rapidly  in  abundance  and  size  to  the  Potomac,  where 
they  form  a  predominant  element  in  parts  of  the  formation  ; 
but  they  again  diminish  in  size  and  abundance  northward,  be- 
coming inconspicuous  north  of  Baltimore,  to  once  more  increase 
in  size  and  number  about  the  Susquehanna,  where  the  outliers 
consist  almost  exclusively  of  well  rounded   quartzite  pebble* 
and  bowlders.     North  of  the  Susquehanna  like  relations  obtain? 
so  far  as  size  is  concerned,  the  pebbles  gradually  diminislm^ 
in   6ize   over   the    Susquehanna-Schuylkill    divide,   enlarging 

*  Bulletin  U.  S.  Geol.  Survey,  No  43. 

f  American  Naturalist,  vol.  xxi,  1887,  172.  X  Science,  vol.  xi,  1*3* ■ 
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again  about  the  Schuylkill,  once  more  decreasing  in  size  in  the 
outliers  lodged  behind  Chestnut  hill  and  Edge  hill,  and  again 
assuming  considerable  dimensions  on  the  Delaware;  but  in 
this  part  of  the  area  of  the  formation  the  quartzite  pebbles 
occur  on  the  smaller  streams  and  over  the  divides  as  well  as  on 
the  great  rivers.  Finally,  in  the  Sand  Hills  quartzite  is  nearly 
or  entirely  absent.  In  short,  the  quartzite  pebbles  occur  only  in 
the  vicinity  of  those  rivers  which  now  through  the  qnartzites  of 
the  Appalachian  and  upper  Piedmont  regions,  and  their  abun- 
dance and  size  vary  with  the  dimensions  of  the  rivers  and  the 
proximity  of  the  ridges. 

The  composition  of  the  pebbles  is  equally  significant :  Those 
found  about  Washington  and  Richmond  sometimes  exhibit 
Scdithu8  borings  and  casts  of  brachiopods,  eta,  identical  with 
those  found  in  situ  in  the  axial  qnartzites  of  the  Blue  Ridge 
and  adjacent  Appalachian  ranges  in  their  less  metamorphosed 
portions ;  the  pink  quartzite  of  the  pebbles  found  over  the 
Schuylkill-Delaware  divide  is  in  all  respects  similar  to  that  of 
certain  exceptionally  obdurate  ledges  in  the  quartzitic  axes  of 
the  low  ranges  here  encroaching  upon  the  Piedmont  region ; 
and  the  distinctive  pebbles  are  in  both  these  as  well  as  in  other 
cases  confined  either  to  the  vicinity  of  the  distinctive  ledges  or 
to  the  lower  reaches  of  the  rivers  transecting  them. 

So  by  distribution  and  composition,  the  quartzite  pebbles  of 
the  Potomac  formation  may  be  traced  to  their  parent  ledges  in 
the  Appalachians ;  and  their  distribution  indicates  at  the  same 
time  the  ancient  river-courses  and  the  shore  lines  along  which 
they  were  transported. 

2.  The  quartz  of  the  second  class  of  pebbles  (which  some- 
times assume  the  dimensions  of  respectable  bowlders)  is  petro- 
graphically  identical  with  the  vein  quartz  everywhere  inter- 
secting the  Piedmont  crystallines ;  the  pebbles,  like  those  of 
quartzite,  are  generally  largest  in  the  greater  valleys  and  to- 
ward the  western  margin  of  the  formation,  though  considerable 
bowlders  occasionally  occur  in  all  parts  of  it;  they  are  most 
abundant  where  the  quartz  veins  are  large  and  numerous  ;  and 
local  peculiarities  in  the  vein  quartz  are  reflected  in  the  lee- 
ward pebbles.  It  is  evident,  in  short,  that  the  pebbles  are  de- 
rived from  adjacent  veins.  Indeed  in  a  section  in  the  north- 
western part  of  Washington  a  train  of  fragments  of  a  quartz 
vein  intersecting  the  Archean  gneiss  and  projecting  into  the 
superjacent  Potomac  gravels,  is  traceable  in  the  gravels  for 
aome  distance  before  the  fragments  so  far  lose  their  angles  as 
to  become  undistinguishable  from  the  neighboring  erratic 
Pebbles. 

3.  The  arkose  is  made  up  of  angular  grains  of  quartz,  crys- 
tal* of  feldspar  or  flakes  of  kaolin,  scales  of  mica,  etc.,  the 
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whole  sometimes  so  similar  to  disintegrated  granite  or  gneiss  as 
to  be  distinguished  only  with  difficulty.  It  reaches  its  best 
development  toward  the  base  of  the  formation,  and  especially 
in  the  smaller  valleys  and  ravines  or  on  the  subjacent  cneissic 
surface ;  and  it  is  not  found  in  perfection  along  the  Tines  of 
the  larger  rivers.  Its  petrography  and  distribution  alike  justify 
the  inference  that  it  is  granitic  debris,  not  far  transported. 

4.  By  far  the  larger  part  of  the  quartzose  sand,  whether  in 
homogeneous  beds  or  intermingled  with  other  constituents  of 
the  formation,  consists  of  rounded  quartz  grains  of  doubtful 
origin,  but  evidently  worn  by  transportation ;  a  smaller  part 
consists  of  angular  quartz  grains  and  flakes  such  as  might  be 
produced  by  impact  of  masses  during  transportation ;  a  yet 
smaller  part  is  made  up  of  rudely  crystalline  grains  such  as  re- 
sult from  the  disintegration  of  vein  quartz ;  and  the  least  im- 
portant element  in  volume,  though  it  is  locally  conspicuous  and 
significant,  consists  of  more  or  less  perfect  crystals  of  quartz 
such  as  might  form  the  residue  of  disintegrated  granite  after 
the  solution  and  removal  of  the  less  obdurate  constituents.  All 
of  these  sources  are  doubtless  represented  in  the  sands  of  the 
Potomac. 

5.  The  clay  occurs  in  minute  flakes  (sometimes  of  crystalline 
form)  in  the  arkose,  in  rounded  and  irregular  pellets  and  balk 
up  to  an  inch  or  more  in  diameter  in  the  arkose  and  6and  beds, 
in  lenticular  or  sometimes  continuous  bands  intercalated  with 
sand,  and  again  in  considerable  beds  exhibiting  more  or  le» 
definite  structure  planes ;  but  whenever  pure  it  is  clean,  plastic, 
kaolin-like,  and  evidently  derived  from  a  common  source,  and 
the  smaller  flakes  retain  the  shapes  of  feldspar  crystals  undis- 
tinguishable  from  those  of  the  adjacent  Redmont  gneisses. 
The  clay  in  the  larger  masses  it  is  true  appears  to  be  thoroughly 
triturated,  and  was  evidently  deposited  in  finely  divided  con- 
dition ;  and  the  pellets  and  balls  appear  to  have  been  washed 
from  such  beds  and  redeposited  in  conjunction  with  other 
materials ;  but  the  structural  differences  between  the  pseudo- 
crystalline  and  the  water-laid  phases  of  the  clay  are  no  greater 
than  would  inevitably  result  from  the  trituration  and  assort- 
ment accompanying  the  breaking  up  of  gneiss  or  arkose  and 
the  separation  of  the  materials  of  unlike  specific  gravity  and 
solubility. 

(>.  The  heterogeneous  and  ever  varying  accumulations  of 
composite  character  which  constitute  the  larger  part  of  the  for- 
niation  are,  qualitatively,  just  such  as  would  be  formed  by  the 
assortment  and  deposition  of  the  different  materials  by  power 
ful  currents ;  but  the  quantity  of  coarse  materials  in  tne  Poto- 
mac formation  is  greater  than  would  result  from  simple  admix- 
ture of  the  disintegrated*  gneiss  of  the  Piedmont  zone  and  such 
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proportion  of  Blue  Kidge  quartzite,  vein  quartz,  etc.,  as  appear 
to  be  mingled  with  it,  suggesting  that  the  portions  of  the  for- 
mation now  exposed  were  littoral,  and  that  the  liner  materials 
were  swept  into  deeper  off-shore  waters. 

The  History  recorded  in  the  Formation. — The  conditions  of 
deposition  of  the  lower  member  of  the  Potomac  formation  may 
be  inferred  from  its  structure  and  composition  :  the  coarseness 
of  the  predominant  materials  is  proof  01  the  prevalence  of  pow- 
erful currents  or  violent  waves ;  the  local  accumulations  of  arkose 
and  of  finely  laminated  clay  are  indicative  of  quiescent  periods, 
of  slack-water  eddies,  or  of  sheltered  spots  on  a  stormy  coast ;  the 
frequent  alternation  of  coarse  and  fine  deposits,  the  broken  up 
and  re-deposited  clay  beds,  and  the  local  unconformities,  all 
suggest  repeated  alternations  of  slack  water  and  strong  currents 
throughout  the  area  of  deposition ;  the  distribution  of  the 
auartzite  .pebbles  proves  that  this  material  was  brought  down 
from  the  easternmost  Appalachian  mountains  by  rivers  coinci- 
dent with  the  great  rivers  of  to-day,  and  the  unequal  altitude 
of  the  base  of  the  formation  along  the  rivers  and  the  prevalent 
coarseness  and  inconstant  structure  of  the  deposits  there  indi- 
cate that  the  ancient  rivers  embouched  into  deep  turbulent 
ertuaries,  while  the  interosculation  of  some  of  the  estuarine 
deltas  and  the  coarseness  of  the  deposit  connecting  others 
prove  violent  wave  action  along  the  intermediate  shore;  the 
dearth  of  remains  of  marine  and  estuarine  animals  is  suggestive 
of  turbulent  waters ;  and  the  peculiar  distribution  and  preser- 
vation of  the  plant  remains  suggests  encroachment  of  the 
Potomac  ocean  upon  lands  covered  with  a  luxuriant  flora. 
He  conditions  of  deposition  of  the  upper  member  appear  to 
have  been  similar  but  quieter. 

From  the  relations  oi  the  formation  to  the  foundation  upon 
tfhick  it  rests,  from  structure  and  composition  and  indirectly 
from  the  conditions  of  deposition  indicated  thereby,  the  physio- 
graphic conditions  attending  the  deposition  of  the  Potomac 
•ormation  may  be  inferred :  The  surface  upon  which  the  de- 
posits rest  is  formed  of  dislocated  strata  of  Archean,  Cambrian, 
Silurian,  Triassic  and  Rhsetic  age,  all  degraded  to  a  plain  as 
iniform  as  the  Piedmont  zone  of  to-day— a  plain  destitute  of 
noteworthy  eminences  despite  the  great  heterogeneity  of  the 
^ocks,  and  one  which  accordingly  must  have  been  reduced  to 
Mtee  level ;  yet  the  unequal  altitude  of  the  deposits  about  the 
waterways  indicate  that  this  plain  was  ravined  as  deeply  as  is 
ie  present  Piedmont  plain ;  and  the  slight  sinuosity  of  the 
lore  line,  despite  the  depth  of  the  ravines,  is  proof  of  pro- 
rnnced  seaward  inclination  of  the  surface. 
Thus  the  structure,  composition,  and  stratigraphic  relations  of 
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the  Potomac  formation,  when  freely  interpreted,  give  the  oat- 
lines  of  an  intelligible  and  harmonious  picture  of  the  Atlantic 
slope  during  and  for  some  time  antecedent  to  the  Potomac  pe- 
riod :    Before  the  initiation  of  Potomac  deposition,  but  subse- 
quent to  the  accumulation  of  the  Triassic  and  Rhsetic  deposits 
and  to  the  displacement  and  diking  by  which  they  are  affected, 
there  was  an  eon  of  degradation  during  which  a  grand  moun- 
tain system  was  obliterated  and  its  base  reduced  to  a  plain  which, 
as  its  topography  tells  us,  was  slightly  inclined  seaward  and 
little  elevated  above  tide — the  Piedmont  zone  alike  of  the  later 
Mesozoic  and  the  present ;  and  over  this  plain  meandered  the 
prototypes  of  the  Delaware,  the  Susquehanna,  the  Potomac, 
the  James,  and  the  Roanoke,  within  a  few  miles  at  most  of 
their  present  courses  and  but  a  few  hundred  feet  above  their 
present  channels,  flowing  slack  and  in  shallow  valleys  because 
at  base  level.     There  followed  a  slight  elevation  of  the  land, 
when  the  rivers  attacked  their  beds  and  excavated  valleys  as  deep 
as  those  to-day  intersecting  the  Piedmont  plain ;  but  whether 
or  not  there  was  concomitant  tilting  of  the  land,  the  phenomena 
thus  far  fail  to  indicate.     Then  came  the  movement  by  which 
the  deposition  of  the  Potomac  formation  was  initiated— the 
deeply  ravined  base  level  plain  was  at  the  same  time  submerged     j 
and   tilted  ocean  ward ;  its  waterways  became  deep  but  short 
estuaries;    deep  oceanic  waters  extended  quite  to  the  inter- 
mediate shores;  the  declivity  and  transporting  power  of  the 
rivers  was  increased ;    and  the  accumulation  of  coarse  delta 
and    littoral    deposits   progressed    rapidly.      With    continued 
deposition  the  sea  gradually  shoaled,  the  declivity  of  the  land 
decreased,   the  materials  became  finer  and  finer;    there  was 
probably  temporary  emergence  of  the  land  about  the  middle 
of  the  Potomac   period,   followed  by  renewed   submergence 
without  seaward  tilting  during  which  the  clays  of  the  upp^r 
member  were  laid  down ;  and  the  period  was  finally  closed  t>v 
an  emergence  represented  by  the  unconformity  between  th* 
upper  Potomac  and  the  glauconitic  deposits  of  the  Maryland 
Cretaceous. 

4 

There  is  a  great  hiatus  in  the  geologic  history  of  tl^e 
Atlantic  slope :  The  history  is  fairly  legible  up  to  the  t*?r" 
mination  of  the  Paleozoic  deposition,  and  it  is  even  mo*"e 
clearly  legible  from  mid-Cretaceous  time  to  the  present ;  b*1* 
the  hiatii6  includes  the  most  interesting  period  in  the  evolution 
of  the  eastern  portion  of  the  continent.  The  transfer  of  &&* 
and  land :  the  elevation  and  corrugation  of  the  Appalachians,  aX»d 
the  profound  displacement  and  metamorphism  of  the  Piedrao*1* 
rocks;  the  degradation  of  thousands  of  feet  if  not  miles  *>* 
strata  and  the  transportation  of  the  materials  whither  no  m&n 
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m ;  the  deposition  of  the  Triassic  and  Rhsetic  rocks  under 
iitions  which  no  geologist  has  ever  clearly  pictured  in  im- 
lation — at  least  to  the  satisfaction  of  his  fellow  geologists ; 
Triassic  displacements  and  diking;  the  post-Triassic  degra- 
)n  of  thousands  of  feet  of  strata  and  the  removal  of  the 
is  to  other  regions — these  and  many  other  remarkable  epi- 
8  have  been  completely  blotted  out  of  the  geologic  record 
>mmonly  interpreted.  But  the  Potomac  formation  nar- 
i  the  hiatus :  the  formation  itself  carries  the  record  back 
i  mid-Cretaceous  time  to  the  earliest  dawn  of  the  Cre- 
ws or  the  closing  episodes  of  the  Jurassic  ;  and  the 
Rhaetic  and  pre-Potomac  degradation  will  tell  the  story  of 
Jurassic  as  eloquently,  when  men  have  come  to  read 
Dgic  history  in  erosion  as  well  as  in  deposition,  as  if  the 
sits  of  the  period  were  exposed  to  observation  instead  of 
5  beneath  the  thousands  of  feet  of  newer  strata  forming 
Atlantic  bottom.  So  while  the  hiatus  is  not  vet  closed  it  is 
ced  by  a  fifth,  a  fourth,  or  perhaps  a  third  of  its  length. 


'.  XII. — Experiments  with  the  Capillary  Electrometer  of 
Lippmann;*  by.  Julius  Howard  Pratt,  Jr. 

he  objects  of  this  investigation  have  been,  first,  to  determine 
limits  within  which  the  given  form  of  electrometer  can  be 
I ;  secondly,  to  ascertain  whether  the  polarization  of  the 
cury  surface  is  such  as  to  prevent  the  passage  of  a  current 
le  tne  instrument  is  in  use  ;  and,  thirdly,  to  determine  the 
>uut  of  charge  retained  at  the  polarization  surfaces  when  the 
cury  column  is  in  equilibrium. 

l. 


fhe  instrument  used  in  these  experiments  was  constructed 
follows :  V  is  a  thistle  tube,  the  tubing  of  which  (A  B)  was 
it  in  the  manner  indicated  (fig.  1) ;  G  is  a  small  glass  vessel 

Abstract  of  a  thesis  presented  for  the  degree  of  Doctor  of  Philosophy  at  Tale 
Wrtity,  June,  1887. 
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containing  mercury  and  dilute  sulphuric  acid;  a  and  /? 
platinum  wires  which  serve  as  conductors  for  the  electric 
rent.  They  pass  through  the  glass  tubes  in  vessels  6  an 
and  are  fused  into  the  tubes  at  the  end ;  the  platinum 
trodes,  accordingly,  have  only  a  small  area.  The  end  of 
itself  is  filled  with  sulphuric  acid  to  M,  the  mercury  meni 
S  is  a  leveling  screw.  The  whole  is  mounted  on  a  wooden 
to  give  it  stability.  C  D  is  a  millimeter  scale  on  which 
readings  are  made. 

For  most  of  the  work  done  the  unaided  eye,  or  a  i 
magnifying  glass  was  sufficient  to  make  the  readings, — a? 
differences  of  deflection  for  slight  differences  in  E.  M.  F. 
comparatively  great.  For  instance,  the  difference  of  defle 
between  #02  Daniell  and  *03  Daniell  was,  for  a  given  ac 
ment,  24  millimeters ;  hence,  •lmm  (which  can  easily  be 
showed  a  difference  of  about  -0004  Daniell.  For  the  es 
ments  in  quantity  of  electricity  a  micrometer  was  use< 
which  readings  could  easily  be  made  to  ,J  o"mm  ^Uh  *£cxm 

I.  Lippmann  states  *  tnat  the  value  of  the  capillary 
stant  in  nis  instrument  increases  for  increasing  potentia 
about  *9  Dan.  and  then  diminishes.  The  same  results  ar 
tained  with  the  form  here  given. 

2. 


Two  Daniell's  cells  are  connected  as  shown  in  figui 
R  is  a  resistance-box  of  10,000  ohms,  through  which  the 
rent  passes.  By  the  wires  a  and  $  fractions  of  the  curren 
made  to  pass  through  the  electrometer.  The  accompai 
table  and  plot  (No.  I,  fig.  4)  will  exhibit  the  results.  Co 
I  gives  the  fraction  of  the  E.  M.  F.  of  a  Daniell  cell  whicl 
duces  the  deflections  given  in  column  II. 


Table 

I.— March  1,  1887. 

E.  M.  F.         Deflect. 

e.  m.  f. 

Deflect. 

K.  M.F. 

Deflect. 

E.  M.  F. 

•008  Dan.      lInm 

•16    Dan. 

Oft  ■9Him 

mi  \J      Art 

•60    Dan. 

7  7 ,4mm 

1-2  Dan. 

•016            2-3 

•20 

347 

•80 

88*0 

1-4 

•04              7*2 

•30 

49*5 

•892 

90*3 

1-6 

•08            14*5 

•40 

60*7 

1-0 

89-0 

1-8 

In  taking  the  deflections  for  the  higher  of  these  pote 
1*2  to  1*8,  electrolytic  action  was  noticed  and  bubbles  c 

*  Annales  de  Chim.  et  de  Phys.,  Ser.  V,  vol.  v:  E.  Maecart,  Traits  d'  £lc 
Stat.,  ii,  p.  550. 
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formed  on  the  mercury  surface.  It  is  necessary  in  all  these 
investigations  that  the  current  pass  in  such  a  way  as  to  produce 
hydrogen  polarization.  Oxygen  polarization  does  not  change 
the  capillary  constant  in  any  regular  manner.  Moreover  the 
use  of  even  comparatively  low  potentials  with  oxygen  polariza- 
tion causes  chemical  action  so  that  the  surface  01  the  mercury 
is  fouled,  which  seriously  interferes  with  the  action  of  the  in- 
strument Two  series  01  deflections  of  the  meniscus  for  given 
electromotive  forces  were  made.  In  one  series  hydrogen  po- 
larization was  used,  and  in  the  other,  oxygen.  The  series  with 
hydrogen  polarization,  was  regular,  as  before  ;  but  that  of  oxy- 
gen, except  for  very  low  potentials,  was  so  irregular  that  no 
conclusions  could  be  drawn.  Apparently  the  position  of  the 
meniscus  depended  largely  on  the  chemical  action  caused  by 
the  current. 

In  using  Lappmann's  electrofneter  it  might  be  convenient  to 
dispense  with  the  mercury  contact  and  employ  only  sulphuric 
acid  and  platinum.  A  set  of  observations  was  accordingly 
taken,  in  which  the  mercury  was  removed  from  the  vessel  G 
wd  the  platinum  wire  served  as  electrode.  The  surface  of  the 
platinum  in  contact  with  the  sulphuric  acid  being  so  small,  it 
waB  found  that,  owing  to  polarization  of  the  platinum-sulphuric 
acid  surface,  a  given  potential  would  produce  a  deflection  only 
*  fraction  of  that  produced  with  mercurv  as  electrode.  With 
the  platinum  electrode  the  maximum  point  on  the  curve  was 
for  potential  about  1*5  Dan.  instead  of  09  Dan.  as  was  the  case 
with  the  mercury  electrode.  The  small  capacity  of  the  plat- 
inum electrode  will  sufficiently  account  for  this.  If,  then,  plat- 
inum electrodes  be  used  in  place  of  mercury,  care  should  be 
taken  to  have  their  capacity  great  compared  with  the  capacity 
rf  the  mercury  meniscus. 

Jt  should  be  noted,  then,  that,  in  actual  use,  Lippmann's 
electrometer  makes  a  good  means  of  measuring  low  potentials, 
Rp  to  0*6  or  0*7  Dan. ;  that  care  must  be  taken  to  avoid  oxygen 
polarization  and  employ  hydrogen  polarization  only ;  that  the 
toner  surface  of  the  glass  tube  should  be  kept  free  from  dust 
*nd  traces  of  acid,  which  occasion  irregularities  in  the  deflec- 
tion of  the  mercury.  The  instrument  in  this  form  can  be  used 
to  advantage  for  comparing  E.  M.  F.  of  different  batteries. 
Only  a  part  (a  known  fraction)  of  t^e  current  should  be  used ; 
as,  otherwise,  the  limits  of  the  instrument  might  be  exceeded. 
By  using  a  micrometer  for  reading  deflections,  about  yoooT 
DanielPs  cell  E.  M.  F.  can  be  detected.  The  electrometer 
night  be  used  successfully  in  many  cases  for  a  galvanometer, 
•specially  where  it  is  desirable  not  to  alter  the  main  current  by 
derived  galvanometer  circuit.     It  may  be  recommended  for 
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such  service,  first  on  account  of  its  comparative  rapidity  in 
coming  to  a  state  of  equilibrium ;  secondly,  because  it  is  prac- 
tically a  dead-beat  instrument ;  and,  thirdly,  because  the  read- 
ings may  be  made  directly,  and  show  immediately  their  rela- 
tion to  KM.  F.  The  ease  with  which  the  instrument  is  con- 
structed puts  it  within  reach  of  all  who  have  some  ability  in 
glass-blowing. 

II.  To  ascertain  w better  a  current  passes  when  the  mercury 
surface  is  polarized. 

For  this  purpose  the  "instrument  was  connected  as  before, 
and,  in  addition,  a  reflecting  galvanometer  and  a  key  were 
placed  in  the  branch  with  the  electrometer.  The  deflection* 
were  observed  by  means  of  a  telescope  and  millimeter  scale 
about  four  feet  from  the  galvanometer.  It  was  easy  to  detect 
a  deflection  amounting  to  0,lmm*which,  for  the  distance  of  the 

falvanometer  from  the  scale  meant  an  exceedingly  minute  de- 
ection ;  and  hence  an  insignificant  current.    The  arrangement 
can  be  seen  from  figure  3.      B  is  the  battery  of  two  Dan- 
iell's  cells.     R  is  a  resistance-box  of  10,000  ohms.      E  is  the 
electrometer ;  K,  the  key ;  and  G,  the  galvanometer. 

3. 


The  current  from  the  battery  was  passed  through  the  resist- 
ance-box.     Known  fractions  of  this  current  made  the  circuit 
through  the  electrometer  and  galvanometer.     Before  the  mer- 
cury reached  the  position  of  equilibrium,  there  was  evidence 
of  a  current  through  the  galvanometer ;  but  when  once  the 
mercury  came   to   rest,  the   deflections   of  the   galvanometer 
ceased.     This  was  true  for  low  potentials  and  until  the  E  M.F. 
reached  about  1*4  Dan.     Plot  II.  and  Table  II.,  given  below, 
will  show  the  results  obtained  for  hydrogen  polarization.    The 
first  column  gives  the  potential  of  the  current  passed  through 
the  galvanometer,  and  the  second  gives  the  final  deflection  of 
the  galvanometer  needle,  measured  in  scale  divisions  (mm)  and 
indicating  the  strength  of  the  current  through  the  galvanom- 
eter. 
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Tasli  II.— March  32,   18! 
K.  m.  r.         Deflect. 

■40  Dau.         0 


The  deflections  obtained  for  the  E.  M.  F.  0*02  D.,  and  01  D. 
*  D.  are  evidently  accidental  Neglecting  these,  it  is  evident 
iat  no  appreciable  current  passes  through  the  electrometer 
Mil  the  potential  of  its  surface  reaches  14  Daniell.  This,  it 
rill  be  remembered,  is  not  the  highest  point  of  the  curve  show- 
ip  the  deflection  of  the  mercury  in  the  electrometer.  That  point 
i  reached  when  the  potential  of  the  mercury  surface  is  0$ 
hniell.  The  point  at  which  conduction  begins  is  about  the 
outf  at  which  electrolysis  begins.  The  collection  of  gas  bnb- 
Jee  (before  mentioned),  when  potentials  of  something  over  one 
olt  were  used,  indicate  that  electrolysis  actually  does  take 
lace.  The  results  of  this  investigation  will  prove  that  con- 
notion  through  the  electrometer  begins  about  the  same  time. 


/ 

/ 
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On  April  1,  1887,  a  series  of  measurements  was  taken  to  de- 
nnine  the  exact  point  at  which  conduction  begins.  In  this 
ries,   before   each  observation,  the  sulphuric  acid  was  run 
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through  the  tube  to  cleanse  the  surface ;  and  the  bubbles  of 
gas,  if  any,  were  driven  from  the  tube.  The  arrangement  of 
the  instrument  was  the  same  as  before,  and  the  readings  were 
taken  with  great  care. 

Table  III.— April  1,  1887. 


E.  M.F. 

Deflect. 

E.  U.  F. 

Deflect. 

E.  M.F. 

Deflect 

1-20  Dan. 

0 

1-32  Dan. 

25  «« 

144  Dan. 

1-30 

1-21 

0 

1-34 

•35 

1-50 

2*30 

1-22 

•05  B,m 

1-36 

45 

1-60 

6*70 

1-24 

10 

1-38 

•55 

1*70 

1290 

1  26 

15 

1-40 

•60 

1-80 

21*20 

130 

•20 

1*42 

1-20 

Since  in  a  DanielFs  cell  the  replacement  of  one  gram-equiva- 
lent of  zinc  evolves  24,200  cal.  oi  heat :  and,  when  one  gram  of 
hydrogen  and  8  grams  of  oxygen  unite  to  form  one  gram- 
equivalent  of  water,  32,462  cal.  of  heat  are  evolved,*  therefore  a 
cell  of  potential  $f|$$  Dan.  (equals  1*34  Dan.)  would  be  just 
sufficient  to  decompose  water.  For  about  this  potential  (1*34 
Dan.)  it  might  be  supposed  that  conduction  through  the  elec- 
trometer would  take  place.  Molecular  changes  which  accom- 
pany electrolytic  action  may,  very  probably,  slightly  precede  it 
and  cause  variations  in  the  electrical  conditions  which  allow  a 
current  to  pass.  If,  moreover,  there  were  any  leakage  in  the 
instrument,  this  would  be  evidenced  by  a  current  through  the 
galvanometer,  when  the  potential  was  below  1\34  Dan.  De- 
fective insulation  would  cause  leakage,  and  conduction  would 
begin  at  a  somewhat  lower  potential.  It  will  be  seen  by  re- 
ference to  the  table  that  conduction  begins  not  far  below  the 
electrolytic  limit,  i.e.,  at  1*22  Daniell ;  and  that,  at  first  slowly 
and  then  rapidly,  it  increases  with  the  potential. 

When  the  mercury  was  treated  with  oxygen  polarization, 
conduction  began  at  very  low  potentials.  An  E.  M.  F.  of  0*01 
D.  gives  a  permanent  deflection  of  6mm ;  and  other  higher 
potentials  gave  higher  deflections;  which,  however,  seem  to 
follow  no  uniform  law.  This,  like  the  former  experiments 
with  oxygen  polarization,  shows  that  such  polarization  cannot 
be  too  carefully  avoided. 

III.  7yo  determine  the  capacity  of  the  electrometer. — Three 
methods  of  making  this  determination  were  tried.  The  nature 
of  the  instrument  makes  it  impossible  to  secure  rigorously 
accurate  results.  However,  several  not  inconsistent  values  of 
the  instrument's  capacity  were  secured,  and  the  final  determina- 
tions should  be  regarded  as  fair  approximations.  By  the  first 
method  a  condenser  of  one  microfarad  capacity  was  charged 
with  electricity  at  a  known  potential  (V),  and  the  charge  wa& 

*  Darnell's  Physics,  p.  609.     London,  1885. 
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]  passed  through  the  electrometer  and  the  deflection  noted, 
reference  to  the  E.  M.  F.  curve  for  the  electrometer  the 
jntial  (V)  for  the  given  deflection  was  found.  The  electric- 
being  divided  between  the  two  instruments  the  proportion 
hold  V  :  V'::C+G'  :  C,  where  V  equals  the  potential 'of 
condenser,  V  equals  the  potential  of  the  electrometer,  and 
nd  C  the  capacities  of  each.     By  division,  V— V  :  V ::  C 

V— V' 

!,  or  C7=    v,    C.     As  V  is  found  to  be  small  compared 

V 

i  V,  the  equation  C^^C  will  be  approximately  true.    This 

hod  has  some  disadvantages  which  make  it  impracticable 
accurate  results.  The  discharge  from  the  condenser  being 
itically  instantaneous,  its  full  force  is  exerted  at  once  on 
mercury,  the  inertia  of  which  is  apt  to  carry  it  beyond  the 
tion  to  which  an  equal  amount  of  electricity,  in  the  ordinary 
of  the  instrument,  would  bring  it. 

>n  the  other  hand,  the  tendency  of  the  electrometer  to  dis- 
"ge  itself  acts  in  the  opposite  direction  and  prevents  the  ex- 
determination  of  the  deflection.  The  results  from  this 
hod  cannot  be  accepted  as  satisfactory.  The  only  safe 
xlusion  is  that  the  capacity  of  the  electrometer  is  great  coin- 
id  with  that  of  the  condenser. 

y  the  second  method  employed,  the  condenser  and  electrom- 
were  placed  in  the  same  circuit,  and  the  current  passed 
ugh  both  in  series.  The  ratio  of  the  E.  M.  F.  of  the  cur- 
to  the  potential  indicated  by  the  deflection  of  the  electrom- 
gives  the  capacity  of  the  electrometer  compared  with 
of  the  condenser.  The  self-discharge  of  the  instrument 
d  very  disadvantageous^.  When  the  current,  passing 
ugh  the  electrometer,  had  charged  the  condenser,  the  latter 
d  like  an  infinite  resistance  in  the  circuit,  and  the  mercury 
ie  electrometer,  instead  of  remaining  at  the  point  to  which 
id  been  deflected,  moved  from  it  and  gradually  returned  to 
.  As  the  readings  were  made  with  a  micrometer,  and 
d  not  be  taken  immediately,  this  movement  prevented 
iracy.  The  indication  was,  as  in  the  other  method,  of  a 
icity  far  greater  than  that  of  the  condenser, 
o  secure  more  satisfactory  results  a  third  method,  without 
lenser  was  resorted  to.  A  resistance  box  of  250,000  ohms, 
hich  240,000  ohms  were  used,  was  put  in  circuit  with  the 
;rometer,  and  currents  of  known  potentials  were  passed 
ogh  the  two.  As  the  passage  of  a  definite  amount  of  electri- 
through  the  electrometer  is  necessary  to  bring  the  meniscus 
given  position,  the  movement  of  the  mercury  was  retarded 
ae  introduction  of  the  large  resistance.  The  slow  motion 
3  it  possible  at  any  instant  to  determine  the  position  of  the 
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meniscus.  The  deflections  for  equal  successive  intervals  of 
time  were  thus  obtained.  Series  were  made  for  various  £.  M.F. 
from  0*2  D.  to  1*0  D.  with  accordant  results.  The  table  and 
curve  IV  (fig.  4)  will  show  the  results  when  a  current  of  (W  Dan. 
was  used.  W  ith  a  large  resistance  in  the  circuit,  the  mercwy 
never  reaches  the  point  to  which  a  current  of  the  same  poten- 
tial with  small  resistance  would  bring  it.  The  deflections  of  0*6 
Dan.  without  large  resistance  is  81mm.  That  found  after  thirty 
minutes  passage  of  the  current  with  resistance  was  78"*. 

Table  IV.— May,  1887. 

Deflect.  Time.  Deflect.  Time.  Deflect.  Time.  Deflect.        Tine. 

24-8mm         1  min.  66-2mm        5  min.       1b'2mm      9  min.       lS'Bmm      13  mm. 

430  2  69*8  6  76*2  10 

640  3  72*2  7  765  11 

61-0  4  740  8  76-8  12 

Since  the  movement  of  the  mercury  is  slow  we  may  assume 

that,  during  the  excursion  of  the  mercury,  the  E.  M  r .  at  the 

surface  of  polarization  varies  according  to  the  curve  of  the 

potentials,  and  that  at  any  instant  the  position  of  the  meniscus 

determines  the  E.  M.  F.    We  have,  thus,  a  means  of  computing 

the  capacity  of  the  instrument  for  a  given   potential.   By 

E  E* 

Ohm's  law  1=^.     J^80  ^  (capacity)  =^-.     By  reference  to 

curve  IV,  it  will  be  seen  that  a  portion  of  the  curve  l>etween 
any  two  points  taken  sufficiently  near  to  each  other  will  differ 
but  slightly  from  a  straight  line ;  hence  the  mean  of  the  E.  M. 
Forces  at  the  beginning  and  end  of  any  short  interval  of  time 
will  give  the  mean  potential  of  that  interval  If  E,  equals  E. 
M.  i.  at  the  beginning  of  the  first  interval  of  time  ;  Es  that  at 
the  beginning  of  the  second,  etc.,  the  capacity  is  represented 
by  the  equation 

c=r(iHa+e'+e'+ +E-0 

R  is  the  inserted  resistance  plus  the  resistance  of  the  electro- 
meter.    The  latter  was  found  to  be,  approximately,  10,uOO 
ohms ;  so  that  R  equals  250,000  ohms.    The  interval  of  time(0 
was  00  seconds      Computation  skives  for  potential  0*2  Dan.,  0 
equals314mfds.;  04  Dan.,  C  equals  445  mf  da;  0*6  D,  C  equals 
605  mfds.;  07  D.,  O  equals  64S  mfds.;  1-0  D.,  C  equals  730 
mfds.     The  values  for  the  capacity  are  approximate  and  will 
apply  only  to  the  instrument  in  question.     In  this  the  radius 
equals  0'64mm  about,  and  hence  the  surface  of  the  mercury,  re- 
garded as  hemispherical  equals  about  2*572  sq.  ram.    The  radius 
of  the  tube  was  found  by  measuring  the  length  of  a  column  of 
mercury  (for  the  hemispherical  shape  of  whose  ends  due  allow- 
ance was  made)  in  the  tube,  and  weighing  the  mercury.    From 
these  two  factors  the  radius  of  the  tube  was  computed. 
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In  regard,  then,  to  the  Lippmann's  Electrometer  it  has  been 
lown :  First,  that,  when  nydrogen  polarization  is  used,  the 
eflections  of  the  meniscus  may  be  taken  as  proportional  to  the 
.  M.  F.  for  very  low  potentials,  and  that  for  potentials  up  to 
9  D.  an  empirical  curve  will  show  the  relation  between  the 
.  M.  F.  and  the  deflection.  Secondly,  that  polarization  is 
>mplete,  and  that  no  appreciable  current  passes  through  the 
lectrometer  until  it  be  charged  to  a  potential  near  that  at 
hich  electrolytic  action  begins.  Thirdly,  that  the  capacity  of 
le  Lippmann  Electrometer  is  very  considerable,  compared,  for 
sample,  with  that  of  the  Thomson  Quadrant  Electrometer, 
eing  in  the  particular  instrument  studied,  several  hundred 
licrofarads. 

The  investigation,  of  which  a  summary  is  given  in  the  pre- 
eding  pages,  was  carried  on  at  the  Sloane  Physical  Laboratory 
f  Yale  University  under  the  direction  of  Prof.  A.  W. 
bright,  to  whom  I  would  here  express  my  grateful  acknowl- 
dgment  for  his  encouragement  and  advice. 

Cornell  University,  Ithaca,  N.  Y.,  November,  1887. 


lBT.  XIII. — On  the  Period  of  the  Rotation  of  the  Sun  as 
determined  by  the  Spectroscope  ;  by  Henry  Crew,  Assistant 
in  Physics,  Johns  Hopkins  University. 

Zollner*  and  Vogel  were  the  first  to  measure  the  rotation 
f  the  sun  by  the  use  of  Doppler's  principle.  For  this  pur- 
ose,  they  employed  the  so-called  "reversion  spectroscope " 
f  the  former.  This  had  two'  prisms  with  their  refracting 
dges  turned  in  opposite  directions,  thus  forming  two  spectra, 
ide  by  side,  in  opposite  directions,  the  one  serving  as  a  vernier 
or  the  other;  any  displacement  of  a  line  will  be  doubled, 
ince  the  deviation  in  one  spectrum  is  the  opposite  of  that  in 
be  other.  For  their  results,  however,  the  authors  claim  little 
aore  than  a  qualitative  value. 

Hastings,  f  two  years  later,  by  a  very  ingenious  device  com- 
wed  the  spectra  of  the  center  and  the  limb  of  the  sun,  but 
ave  no  quantitative  observations  on  the  displacement  of  the 
fles  which  he  observed  in  passing  from  one  ot  these  regions  to 
ie  other.  Langley^:  has  devised  an  instrument  which  gives,  in 
utaposition,  the  spectra  of  light  from  any  two  points,  distant 
JO0  on  the  circumference  of  the  solar  disc  He  has  noted,  in 
ther  an  incidental  way,   the  displacement  due  to  rotation  of 

*  Zolluer:  Pogg.  Ann.,  cxiv,  449,  1871. 
f  Hastings:  this  Journal,  v,  369,  1873. 
X  Langley:  this  Journal,  xiv,  140,  1877. 
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the  sun,  when  examining  an  equatorial  diameter,  and  the 
absence  of  any  displacement  when  comparing  the  extremities 
of  the  polar  diameter,  and  has  also  commented  on  this  is  i 
means  of  separating:  the  solar  and  telluric  lines. 

In  1676,  Prof.  \  oung*  published  the  first  accurate  measure- 
ment* of  the  linear  velocity  of  a  point  on  the  solar  surface. 
These  were  made  with  a  spectroscope  attached  to  a  9^  inch 
equatorial,  and  fitted  with  a  Rutherfurd  grating,  ruled  with 
8040  lines  to  the  inch.  His  result  is  for  a  mean  latitude  of  T 
and  is  reduced  to  the  equator  by  Faye's  formula  for  the  pioper 
motion  of  snn  spots.  The  velocity  thus  obtained,  1*42 
miles  per  second,  is  so  large  as  to-  suggest  a  physical 
significance,  viz:  that  the  reversing  layer,  whatever  tod 
wherever  it  may  be.  has  a  greater  angular  velocity  than  that 
layer  of  the  solar  surface  in  which  the  sun  spots  lie,  a  conclu- 
sion very  interesting  considering  that  the  observations  of  Dela 
Rue,+  Stewart,  and  Loewy  at  Kew  appeared  to  show  a  lagging 
behind  of  that  layer  of  the  solar  atmosphere  in  which  the 
faculae  occur,  a  layer  probably  at  no  inconsiderable  distance 
above  the  altitude  of  sun  spots. 

Carrington.*  by  a  magnificent  series  of  laborious  observa- 
tions, extending  over  seven  years,  has  determined  what  may  be 
called  the  proper  motion  of  the  photosphere,  or  more  strictly* 
the  law  according  to  which  sun  spots  move  relatively  to  one 
another  in  latitude  and  longitude. 

Have  the  different  parts  of  the  reversing  layer  a  relative 
motion,  and  if  so,  what  is  the  law  which  governs  it  ? 

It  was  in  the  hope  of  obtaining  at  least  a  partial  answer  to 
this  question  that  the  following  observations  were  made. 

Apparatus. — The    light    was    furnished   by   an   equatorial 
heliostat    with  an  auxiliary  plane  glass  mirror.     Leaving  th^ 
heliostat,    the  ray  next  fell    upon   a   condensing   lens  oi  $**.% 
diameter  and  185cni  focal  length,  thus  giving  upon  the  slit  o>f 
the  collimator,  an  image  125inm  in  diameter.     For  the  follow'' 
ing  apparatus  to  move  the  image  across  the  slit,  I  have  to  thanfc 
the  kindness  and  skill  of  Prof.  Rowland.     The  condensing len£ 
was   screwed    into   a   rectangular   wooden   frame   which  was 
fastened  at  the  bottom  by  a  single  bolt  to  a  larger  iron  frame. 
This  bolt  was  parallel  to  the  optical  axis  of  the  lens,  and  the 
lens  could  be  made  to  rotate  about  it  through  an  arc  of  5  or  10 
degrees,  the  arc  being  limited  by  adjustable  stops.     The  iron 
frame  was,  in  addition,  capable  of  lateral  motion,  while  the  lens 
in  the  wooden  frame  could  also  be  adjusted  vertically.     These 
adjustments  enabled  the  observer  to  bring  either  limb  of  the 

*  Young:  this  Journal,  xii,  321.  1876.  \  Proc  Hoy.  Soc.,  xiv,  37. 

\  Carrington  :  Observations  on  solar  spots,  London,  1863. 
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son  exactly  on  the  slit,  and  to  compensate  for  any  slight  error 
in  placing  the  heliostat  or  in  the  rate  of  its  clock.  The  levers 
by  which  these  motions  were  accomplished  were  placed  con- 
venient to  the  observer  at  the  eyepiece.  The  collimator  and 
telescope  each  had  an  achromatic  objective  of  6£  inches 
diameter,  made  by  Prof.  Hastings ;  the  former  had  a  focal 
length  of  7  feet  and  3  inches,  the  latter  of  7  feet  and  10  inches. 
The  angle  made  by  their  optical  axes  was  12°.  Both  were 
firmly  attached  to  a  long  heavy  cast  iron  frame.  For  the  pur- 
pose of  holding  and  rotating  the  grating,  this  iron  frame  car- 
ried upon  it  the  tripod,  circle  (14  inches  in  diameter),  and  plat- 
form of  a  spectrometer.  This  whole  system  rested  on  a  solid 
brick  pier  supported  on  heavy  beams.  These  beams  rested 
iipon  two  partition  walls  of  the  new  physical  laboratory,  mak- 
ing altogether  a  rigid,  convenient,  and  accurate  instrument,  in 
*wch  the  relative  position  of  the  collimator,  telescope,  and 
gating,  could  be  maintained  perfectly  constant. 

The  eyepiece  of  the  telescope  was  fitted  with  a  micrometer 
Jrew  by  Grnnow  ;  in  its  focal  plane  wa6  fixed  a  very  thin  ver- 
cal  glass  scale,  ruled  in  half  millimeters.  By  this  means  the 
idth  of  the  narrow  band  of  the  spectrum  during  any  one 
fading  was  measured,  and  a  slight  correction  corresponding  to 
lib  overlapping  of  the  sun's  image  on  the  slit  was  introduced 
to  the  final  value  of  each  set  of  observations.  The  grating,  a 
ane  one  ruled  by  Prof.  Rowland,  was  4  inches  in  length  and 
id  14436  lines  to  the  inch.  The  spectrum  of  the  fourth  order 
i  one  side  gave  superb  definition,  widely  dividing  bt  and  bA 
id  the  lower  component  of  E.  The  definition  in  the  fifth 
der  was,  of  course,  not  60  good — though  better  than  most  of 
e  Rowland  gratings  ruled  with  this  number  of  lines ;  but  in 
ds  and  higher  orders  it  was  found  that  about  as  much  was 
«t  by  poorer  definition  as  was  gained  by  increase  of  displace- 
lent 

To  determine  the  angle  which  the  slit  of  the  spectroscope 
lakes  with  the  projected  solar  axis,  the  following  method  was 
uggested  by  Prof.  Rowland.  Between  the  slit  and  the  con- 
lensin^  lens  was  inserted  a  Steinheil  prism  mounted  in  a  brass 
tobe  with  a  divided  head.  This  tube  was  so  placed  as  to  have 
to  axis,  in  the  prolongation  of  the  optical  axis  of  the  collimating 
elescope,  and  was  made  so  as  to  rotate  about  this  axis  carrying 
nth  it  the  prism.  The  prism  was  placed  with  its  refracting 
dge  perpendicular  to  tne  ray.  Before  the  mirror  of  the 
eiioetat  was  suspended  a  fine  wire  p.lumb  line.  The  image  of 
lis  plumb  line  was  brought  to  focus  on  the  slit  plate  by  a 
>ectacle  lens  temporarily  placed  between  the  prism  and  the 
mdensing  lens.  The  angle  between  this  image  and  the  slit 
mid  now  be  measured  by  rotating  the  prism ;  the  zero  position 
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of  the  prism  being  that  in  which  two  fine  plnmb  lines,  the  one 
before,  the  other  behind,  the  prism,  were  brought  to  coinci- 
dence. Having  obtained  this  angle  (by  formula  given  below), 
we  have  but  to  add  to  it  the  parallactic  angle,  and  the  position 
angle  of  the  sun,  with  their  proper  signs,  to  obtain  the  required 
angle,  viz :  the  angle  which  the  projected  axis  of  the  sun  makes 
with  the  slit.  This  angle  must  finally  be  corrected  for  the  in- 
clination of  the  solar  axis  to  the  plane  of  the  ecliptic ;  a  correc- 
tion never  amounting  to  one  per  cent. 

Theory  and  Observations. — Let  V=velocity  of  light,  186328  mile; 

per  sec.  (Newcomb  and  Michelson). 
A=wave  length  of  ray  observed  (Rowland's  Standards). 
v'-v"= relative  linear  velocity  of  the  two  limbs  of  the  sun  at  th 

equator, 
X= heliocentric  latitude  of  any  point  on  the  sun's  limb  at  whic 

the  slit  of  the  spectroscope  is  tangent ;  call  this  the  "  latitud 

of  observation."  • 

J = displacement  of  the  line  as  measured  on  the  micrometer. 
c=value  of  one  revolution  of  the  micrometer  screw  in  Angstrom' 

units,  for  the  line  observed. 
A=half  the  angle  subtended  at  the  center  of  the  sun's  image  b] 

the  length  of  slit  covered  by  the  image. 
0=inclination  of  plane  of  solar  equator  to  plane  of  eliptic. 
<p=angular  semi-diameter  of  the  sun. 
a=linear  velocity  of  the  earth  in  its  orbits,  expressed  in  mile 

per  second. 

Then,  by  Doppler's  principle,  we  have 

,       .      <>4V  1        Vl-sin'rcoR'fl  . 

v  —  v  =t • 7  •  -I 4 -f-asin  q> 

Acos*     cos/i  cos  x  cos  o  ^ 

where  the  factor  ycos.  h  is  the  correction  for  the  overlappin 
of  the  sun's  image  on  the  slit ;  this  correction  is  suflScientl 
approximate  except  for  very  high  latitudes,  where  a  slight  coi 
rection  depending  upon  jj  must  be  introduced.  The  factor  i~ 
volving  the  radical  is  the  correction  for  the  inclination  of  tL 
solar  axis  to  the  plane  of  the  ecliptic.  The  addition  of  the  la 
term  on  the  right  (first  suggested  by  Prof.  Oliver)  reduces  tl 
velocity  from  the  synodic  to  the  true  period*  of  rotation.  TIj 
correction  due  to  the  rotation  of  the  earth  is  so  small  as  to  I 
negligible. 

The  following  are  two  specimens  of  the  individual  observ 
tions ;  the  quality  of  the  <?ne  being  above,  that  of  the  other  b 
low,  the  average. 

*  In  comparing  my  final  results  with   those  of  Young  and  Vogel  it  must 
borne  in  mind  that  they  have  not  made  this  reduction,  and  that  therefore  tt* 
values  are  for  the  synodic  period. 
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July  16th,  1887. 

June  18th,  1887. 
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)  compute  the  "  latitude  of  observation,"  £,  for  these  two 
we  have 

X=9+P+9 

r  0r=angle  between  projected  image*  of  plumb  line  and  slit, 

at  the  mean  time  of  observation. 
p= position  angle,  taken  from  Secchi's  table  ;  Le  Soleil, 

2d  Ed.,  p.  22. 
^^parallactic  angle,  tabulated  for  the  latitude  of  Balti 

more. 

on  July  16th,  at  lh  35m  p.  m.  we  have 

g=t—  68°64;  p=— 4°'40;  0r=+41°'94 

ce;r=31°-10. 

)n  July  18th,  at  llh  0lm  A.  M. 

<7=  +  39°'90;  />=  —  5°'26  ;  q=—  32°'64 
ce  ^=2°-00, 

must  be  noted  that  during  the  micrometer  readings  the  prism  was  removed 
»  sake  of  definition  and  that,  when  the  prism  was  in  position,  the  image  of 
iimb  line  was  rotated  throguh  twice  the  angle  the  prism  was  turned. 
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The  following  table  includes  all  observations  made;  they  are 
arranged  in  order  of  mcreaang  latitudes.  In  the  sixth  column, 
are  given  the  equatorial  velocities,  corresponding  to  the  synodic 
period :  these  are  obtained  by  dividing  each  of  the  owmed 
velocities  by  the  cosine  of  its  respective  latitude,  given  in  col- 
umn five,  L  e.,  on  the  assumption  that  the  son  rotates  as  a  solid 
body.  In  column  7  will  be  found  the  differences  between  each 
value  in  column  6,  and  the  mean  of  all  the  values  in  column  6. 
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Phe  observations  in  latitudes  60,64,  7°  37,  and  all  those  of 
y  15th  were  made  when  the  definition  was  marked  "poor," 
ery  poor,"  "sky  covered  with  thin  clouds,"  etc.;  1  have 
refore  marked  these  doubtful,  but  have  not  rejected  them 
irely.  The  values  of  v'-v"  above  given  are  for  the  synodic 
iod.  The  weight  given  to  each  observation  is  proportional 
the  "  number  of  settings." 

deducing  by  the  method  of  least  squares,  we  have  (since 
in  p= 0*086  miles  per  sec.)  for  the  mean  equatorial  velocity, 

t/_t>"3B2,437=k,024  miles  per  sec. 
ich  Corresponds  to  a  true  period  of  25*88  days. 

Errors. — When  it  is  considered  that  the  total  displacement 
>unts  to  only  -fa  of  the  distance  between  the  D  lines,  it 
I  not  be  surprising  if  the  largest  error  is  that  made  in  setting 
cross  hairs  on  the  lines.  Two  smaller  errors  may  have  been 
•oduced  by  the  unequal  heating  of  the  jaws  of  the  slit ;  and 
a  slight  vertical  displacement  of  the  sun's  image  when  shift- 
from  one  limb  to.the  other.  But  these  must  have  been  of 
second  order,  for  immediately  before  making  an  observa- 
i,  the  adjustment  of  the  instrument  was  tested  by  setting  on 
larp  atmospheric  line.  Not  the  slightest  motion  could  ever 
detected.  Since  we  require  onlv  the  difference  of  the  read- 
s  on  the  two  limbs,  ana  since  these  are  taken  in  rapid  suc- 
tion, and  under  conditions  practically  identical,  it  will  be 
erved  that  all  the  ordinary  errors  of  the  spectrometer,  ex- 
t  that  of  setting  the  cross-hairs,  are  eliminated.  Errors  of 
j  kind  are,  however,  such  as  would,  to  a  great  extent, 
nterbalance  each  other  in  a  large  series  of  observations.  On 
contrary,  a  single  setting  dinered  from  the  mean  of  the 
es  to  which  it  belonged,  on  the  average,  by  11  per  cent, 
ile  41  sets  of  observations  (of  eleven  settings  each)  still  differ 
m  their  mean  by  as  much  as  eight  per  cent.  This  leads  one 
suspect  the  presence  of  irregular  horizontal  currents.  For 
regular  variation  of  angular  velocity  with  latitude,  described 
ow,  is  certainly  not  sufficient  to  account  for  an  average  error 
eight  per  cent.  Currents  having  velocities,  very  moderate 
leed,  compared  with  some  already  observed  by  Prof.  Young,* 
old  more  than  account  for  all  the  irregularities  of  these  ob- 
vations  even  if  they  were  perfect  in  other  respects. 

Results. — When  beginning  this  work,  I  expected  to  find  the 
jular  velocity  decreasing  as  the  latitude  of  observation  in- 
■ased,  as  in  Carrington's  curve  for  the  motion  of  sun  spots, 
ured  in  Lockyer's  Chemistry  of  the  Sun,  p.  425.     On^the 

*  See  also  Schellen :  Spectrum  Analysis,  (London,  1885),  pp.  378-388. 
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contrary,  it  will  be  seen  that,  taking  either  of  the  observation* 
made  during  the  month  of  March,  or  those  made  in  July,  there 
appears  to  be  a  gradual  increase  of  daily  angular  motion  with 
latitude.  For  the  values  of  t?'-V,  given  in  column  6,  Table 
I,  are  equatorial  values,  reduced  from  higher  latitudes  of  obser- 
vation, on  the  assumption  that  the  sun  rotates  as  a  solid  body; 
they  are  therefore  proportional  to  the  angular  velocities  in  their 
respective  latitudes  of  observation.  From  column  7,  Table 
I,  it  is  seen  that  the  differences,  between  each  particular  value 
of  the  equatorial  velocity  of  rotation  and  the  mean  of  them  all 
are,  for  the  lower  latitudes,  mostly  negative;  for  the  higher 
latitudes,  mostly  positive.  If  there  is  any  physical  meaning  to 
be  attached  to  this,  it  would  seem  that  while  the  sun-spot  layer 
(or  photosphere,  if  they  be  the  same)  is  accelerated  in  the 
neighborhood  of  the  equator,  the  layer,  which  by  its  absorption 

{fives  rise  to  the  Fraunhofer  lines,  tends  to  tag  behind,  having 
lore  a  smaller  angular  velocity  than  in  higher  latitudes.  I  hare 
drawn  through  the  observations  the  straight  line  which  most 
nearly  represents  this  change  of  angular  velocity  with  latitude, 
and  find,  by  the  method  of  least  squares,  its  equation  to  be 

«  =  1158  cos*0  (1+0-00335*°) 

where  r  is  the  linear  velocity  in  miles  per  second  of  any  point 
in  latitude  jf°  of  the  sun's  reversing  layer.  This  gives  for  the 
daily  angular  motion  of  any  point  on  the  reversing  layer 

0=794'  (1+0-00335*°) 

while  from  sun-spots,  Carrington*  obtains  for  the  photosphere 

0=865'  (1—0-191  sin  fy°) 

As  will  be  seen  from  Table  I,  the  greatest  irregularities  in 
the  value  of  r'-v"  occur  between  the  latitudes  15°  and  25°. 
May  this  not  be  connected  with  the  fact  that  this  is  the  region 
most  favored  with  sun-spots,  the  zone  royal*? 

Two  neighboring  lines+  in  the  solar  spectrum  are  often  so 
ditTeivntlv  affortod  by  disturbances  on  the  sun's  surface  as  to 
indicate  that  the  absorbing  layers  to  which  they  respectively 
belong  are  situated  at  widely  different  heights. 

That  loeus  of  absorption  which  is  highest  will,  if  we  assume 
the  sun  a  >olid,  rotate  with  the  greatest  equatorial  velocity. and 
one  might  think  that  the  values  of   v'-v '  for  different  lines 
xhouM  there fonk  arrange  themselves  in  the  same  order  as  their 
eonv^ponding  metals  in   the  sun's  atmosphere.     But  with  a 
tangential  slit,  as  used  in  these  measurements,  it  will  be  seen 
that  the  Mvtion  of  the  solar  sphere  made  by  a  plane  passing 
through  the  >!i:  and  line  of  siglit  cuts  each  layer  (for  any  given 
latitudcMn  a  different  heliocentric  longitude;  so  that  however 

*  t'nr minion    oVsorvatiou*  on  Solar  Spots,  p.  224.        f  Young:  Sun,  p.  100. 
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different  absorbing  loci  may  differ  in  their  distance  from  the 
r  of  the  sun,  the  velocity  of  each  portion  of  the  section, 
ed  in  the  line  of  sight,  will  be  the  same, 
rill  not  be  surprising,  therefore,  if  in  the  following  table 
anection  is  seen  between  the  order  of  the  velocities  and 
•der  in  which  the  elements  are  generally  supposed  to  be 
3uted*  in  the  solar  atmosphere. 

Table  II. 


Line. 

No.  obs. 

Substance. 

v'-v" . 

E, 

26 

Fe 

2289 

"1474" 

74 

Helium  +  Fe 

2*291 

E,  (double) 

36 

Fe  +  Ca 

2*302 

D9 

50 

Na 

2*320 

D, 

106 

Na 

2*420 

5173*838 

55 

Ti(?)f 

2-590 

5171-714 

21 

Fe 

2*608 

5166*3 

8 

FeJ 

2670 

a  further  possible  test,  I  selected  the  "  1474 "  line,  of 
i  the  upper  component  is  helium,  and  the  lower,  iron.  It, 
,  might  be  supposed  to  vary  in  width  in  passing  from  the 
n  to  the  western  limb  of  the  sun.  Accordingly  one  limb 
rought  upon  the  slit,  and  the  micrometer  run  from  one 
anent  to  the  other ;  the  image  was  next  shifted  so  that  the 
limb  could  be  observed  ana  the  width  again  measured 
esult,  however,  was  entirely  negative ;  not  the  slightest 
ence  could  be  found.  With  this  instrument  a  displace- 
as  great  as  ^4-^  of  the  distance  between  D,  and  Da  would 
been  detected  with  certainty.  Hence  we  conclude  that, 
locus  of  absorption  for  helium  is  different  from  that  for 
Mid  if  the  one  be  drifting  with  reference  to  the  other,  the 
f  this  motion  is  less  than  one-third  of  a  mile  per  second, 
attempts  to  measure  the  displacement  of  the  nelium  line, 
suited  in  failure,  the  line  as  seen  in  the  fourth  order  not 
g  sufficient  sharpness  to  admit  of  any  accuracy  whatever, 
the  absence  of  other  evidence,  the  fair  inference  from 
observations  appears,  therefore,  to  be  that  there  is  a  lag- 
)f  the  locus  of  absorption  in  the  equatorial  regions,  and 
lie  amount  of  this  drift  is  approximately  expressed  by  the 
dng  equation  for  the  daily  angular  motion  of  any  point 
heliocentric  latitude  is  /,  expressed  in  degrees. 

0=794'  (1+0-00335*°). 

■  this  distribution,  see  Lockyer's  Chemistry  of  the  Sun,  pp.  161-169. 
ellen's  Spectrum  Analysis,  p.  598.  \  Chemistry  of  Sun,  p.  320. 
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Art.  XIV. — Theory  of  the  Bolometer;   by  Habbt  F. 

Keid.  Ph.D. 

The  bolometer  consist*  of  a  Wheatetone's  bridge  in  which 
the  resistances  are  first  adjusted  so  that  no  current  passes 
through  the  galvanometer.  Two  arms  of  the  bridge  are  nude 
of  thin  platinum  strips ;  when  one  of  these  is  exposed  to  the 
radiation  of  a  hot  body  it  grows  hotter,  increases  m  resistance, 
thns  destroying  the  balance  of  the  bridge  and  producing  a 
deflection  of  the  galvanometer  needle,  which  measures  the  in- 
tensity of  the  radiation.* 

i  Let  w,  r,  tc,  be  currents 

and  R,  *R,  S,  ffi,  G,B,be 
resistances  in  the  Wheat- 
stone's  bridge,  as  in  the  dia- 
gram (fig.  1) ;  and  let  E  be 
the  E.  M.  F.  of  the  battery. 
By  KirchhofFs  law  for  tne 
distribution  of  currents  we 
find 


(/R) 


ERS(*-Q 
J        ' 

where  J  is  a  function  of  the 
resistances  in  the  various 
parts  of  the  bridge. 

The  ordinary*  thermoelec- 
tric forces  at  the  various  junctions  balance  each  other  and  do 
not  affect  the  currents  in  the  bridge.  The  thermoelectric 
forces  due  to  the  Peltier  effect  are  very  small  and  are  quite 
negligible;  when  the  four  arms  of  the  bridge  are  equal,  their 
effect  is  merely  to  change  slightly  the  total  E.  M.  F. ;  we  shall 
see  later  that  this  is  unimportant. 

We  can  replace  E  by  its  equivalent  in  terms  of  the  current 
passing  through  the  arm  AR,  which  contains  the  exposable 
bolometer  strip.  (For  convenience  we  shall  designate  the  vari- 
ous arms  of  the  bridge  by  their  resistances).  Tin's  current  is 
essentially  equal  to  the  current  v  in  the  branch  R  when  the 
bridge  is  balanced,  since  -w  is  always  very  small  in  comparison 
to  t'.f     We  have 

T?=EGS(l+/)  +  S/(R+S) 

A  ' 


w= 


vR(*-Z) 


G(l+/)+/(K  +  S) 


*  For  a  detailed  account  of  this  instrument,  see  Proc.  Am.  Acad.,  1&81;  this 
Jourri.  III.  vol.  xxi.  p.  187.  March,  1881. 

f  Professor  Langley  "On  Hitherto  Unrecognized  Wave-lengths;"  this  Jonru.. 
Ill,  vol.  xxxii,  Aug.,  1886,  foot  note  p.  94. 
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If  d  is  the  deflection  of  the  galvanometer  needle,  and  D  a 
)nstant  depending  on  the  form  of  the  galvanometer,  the 
eriod  of  the  needle,  etc.,  for  small  deflections 

»R(ft-QVQ 

G(1+Z)+Z(R  +  S)* 

A  particular  bolometer  will  have  its  greatest  sensitiveness 
rhen  for  a  given  value  of  k—l,  and  a  given  percentage  probable 
nor  of  observation,  the  deflection,  <J,  is  greatest.  This  is  ob- 
lined  by  giving  proper  values  to  D,  G  and  v.  The  proper 
alues  of  V  and  G  must  be  determined  independently  of  the 
ntensity  of  the  current,  v;  for  changes  in  these  values  will 
aerely  alter  the  sensitiveness  of  the  galvanometer,  and  will 
hange  in  the  same  ratio  the  total  deflection  <J,  and  the  irregu- 
nr  deflections  of  the  needle,  but  will  not  change  the  percentage 
►rotable  error  of  observation.  D  should  be  made  as  large  as 
wesible  ;  i.  e.  we  should  select  the  best  form  of  galvanometer, 
tave  the  needle  strongly  magnetised  and  highly  astatic  and  its 
Hjriod  long.  The  best  value  to  give  G  is  I  (K + S)/(l  4- 1).  The 
uirent  v  must  be  increased  to  its  greatest  practical  intensity ; 
his  limit,  which  is  not  at  all  well  defined,  is  reached  when  trie 
trip  becomes  sufficiently  heated  to  set  up  irregular  air  cur- 
ente,  which  cause  fluctuations  in  its  temperature  and  irregular 
oovements  of  the  galvanometer  needle,  thus  increasing  the 
>robable  error  of  observation. 

Introducing  the  above  value  of  G  in  the  equation  and  writ- 
ng  S=raR  we  get 

2\/(l+n).Z(l+/)' 

We  have  supposed  the  arm  IcR  to  contain  the  exposable  strip 
f  the  bolometer.  When  this  is  screened  from  radiation  and 
ie  bridge  properly  balanced,  &=Z,  and  the  resistance  of  this 
nn  is  IR ;  when  exposed  to  radiation  let  its  resistance  kR=qlR ; 
len 

6=z  — -    P  ^(g-l)VS,  (1) 

£R  is  the  resistance  of  the  bolometer  strip,  and  the  wires 
onnecting  it  to  the  bridge,  when  unexposed,  and  is  of  course 
•  fixed  quantity  for  any  particular  instrument.     3  increases  as 

and  n  decrease.     In  order  that  the  balance  of  the  bridge 

hoald  not  be  destroyed  by  the  continued  variation  of  the  tem- 

>erature  of  the  room,  it  is  found  important  to  have  the  arms 

if  the  bridge,  two  and  two,  as  nearly  alike  as  possible ;  a 

econd  arm  therefore  is  made  of  a  platinum  strip  like  the  first 

ad  placed  near  it  in  the  same  case,  but  entirely  covered  up. 

Am.  Joub.  8ci.— Third  Ssribs,  Vol.  XXXV,  No.  206— Feb.,  1888. 
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If  tie  briM::  R  -vc/iiins  :11s  scrip,  '  =  1.     What  is  thebea 

va'.ne  :o  tr!"*  *  !  Wl^i  »..  riHe?  fr.-^  1  to  0.  1  VI +»  varie? 
fr  .■::".  a*-.  -:  \"7  :•:  1:  *■■  "tIa:  tl-rr^  is  n»«t  a  great  advantage  in 
ir.ak:r,i:  *  !~>  tiil.  1 :  izi  dr^  :s  a  decided  disadvantage. 
The  'j-  :rrvr.:r  ::.  -.:-  "■  .-ir.cL*>  R  it.  :  S  have  the  ratio  *M?f-ri= 
S  K=/.  :  :Le  :.-a:  :^vTl. .^i  in  R  >  r R :  that  in  S  is  rt»*: 
if  )>  is  ::.&«/..  1--S*  :?_ll  i^'tv.  :"_:?.  *-«r«>  mes  verv  lanre,  thetein- 
peratEr*  o:  :Lc  ■  ri^ol  S  is  ri:s«7«:  :«:-•  high  and  irregular  uinve- 
mei.t*  ■■:  :L-r  r.enll-r  jtv  7-r.-;-»:.  If.  on  tae  other  hand,  the 
branch  ■":*  •>  lm:l  :I_e  ew-rvd  srrip.  ^  =  1 :  the  heat  developed 
in  K  a:.«i  "R  hiv*  tit  ra:i  •  R  "R=I  ■!":  reasoning  as  above  we 
ooric!r.«iv  ".hi:  ::.  this  cus*  :L-  ::.  :*:  desirable  value  of  /  is  unity. 

T«.-  -r::^.:.:ir:zr  :  ::.-  ?  rM^t  sL-.:iM  l*  s*.»  arranged  that  /=w=l: 
tL-r  aPi>.-i:.-.:::e:er  r*s:*rmce  <>  should  equal  that  of  the  bolo- 
meter -:rip  R :  15  .tr.d  E  h.ivt  disappeared  from  the  equation: 
their  actual  values  are  therefore  unimportant  s«_>  long  as  r  is 
fixed.  Thi?  is  applicable  :•.■  :he  ease  in  which  we  with  »ur 
instrument  to  Lave  its  greatest  sensitiveness.  If  the  quantity 
of  radiant  hea:  to  rv  me;*sur*ii  is  so  great  that  this  is  ntf 
desired  we  can  diminish  the  sensitiveness  by  decreasing  r  or  D 
or  by  adding  a  resistance  to  the  galvanometer  branch;  it  will 
usually  be  found  advisable  :o  change  the  first  two  quantities. 

Lee  us  now  consider  the  strip  itself.  As  the  intensity  of  the 
current  r  is  limited  by  the  excess  of  temperature  over  that  «f 
the  .-um-unding  air  to  which  we  can  raise  the  t«olometer  strip 
without  i-n.M hieing  inconvenient  movements  of  the  ipdvan<> 
meter  needle,  it  will  be  convenient  to  replace  v  by  irs  equiva- 
lent iii  terms  of  this  excess  of  temperature.  Let  i  lie  the  rati" 
of  the  resistance  of  the  exjv»sed  part  of  the  strip  to  that  of  the 
whole  ann  in  which  the  >trip  is:  let  tt  be  the  temperature"* 
the  nir  and  the  enclosure  sr.rrimnding  the  strip:  ?..  the  tem- 
perature of  the  *trip  when  the  current  v  is  passing  thni»ughit: 
m'\t-f.t  and  h*"yt.-t.*  the  Iuss  of  heat  bv  radiation  and  tvu- 
veotion  per  unit  time  per  unit  area  of  the  blackened  and  me- 
tal Ik-  «.urlaces  of  the  >trip  respectively  (according  to  Newton* 
law  of  colintr.  which  i-  sutticiently  accurate  fi.T  the  ?mall 
'•liaiiire-  in  teii!j>erature  under  consideration) :  A'  and  A.  the 
area*  r,f  the-e  surfaces.  We  here  suppose  only  a  part  of  the 
strip  to  be  blackened.  The  temperature  of  the  strip  will  1* 
constant  when  the  amount  of  heat  generated  by  the  current 
equals  the  amount  lost  from  the  surface  and  by  conduction.  C". 
i.  e.  when 

r1/R=(A^,  +  A'//i")(ri-0-fC1. 

Putting  the  value  of  /•  derived  from  this  equation  in  eq.  (U 
we  find,  writing  £=?<  =  1, 

4-L'fr.  1)v(Ar^,+A-^")(/1-oTr;>  ^ 
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le  ratio  of  the  resistance  of  the  arm  &R,  when  the  strips 
wed  to  radiation  (their  temperature  then  being  tt),  to 
istance  when  screened  from  radiation  (their  tempera- 
q  being  tt).  According  to  Matthiessen's  researches  we 
r  small  changes  in  temperature, 

qR=R  +  a(t9-tl)iR 

q-l=ai(t-t)* 

lay  express  (t9-tx)  in  terms  of  the  quantities  of  heat 
I  and  given  off  by  the  strip.  "When  the  strip  is  ex- 
the  radiation  from  a  hot  body,  the  heat  falling  on  it  is 
i ;  we  may,  for  convenience,  consider  that  this  latter 
)  falls  on  the  strip  in  parallel  rays,  as  it  approximately 
^et  H  be  the  increase  of  radiant  heat  passing  unit  area 
angles  to  the  direction  of  propagation  in  unit  time. 

Fig.  2  represents  the  cross 
section  of  the  strip;  if  X  is 
its  length,f  Xds  an  element 
of  the  surface,  0  the  angle 
made  by  the  normal  to  the 
surface  with  the  direction  of 
propagation  of  the  radiation 
from  the  hot  body ;  then 
H  cos  OXds  will  be  the  in- 
crease of  heat  falling  on  the 
element  Xds;  if  a!  and  a" 
are  the  average  coefficients 
of  absorption  for  the  differ- 
ent angles  of  incidence  act- 
ually occurring,  of  the  black- 
ened and  metallic  surfaces 
of  the  strip  respectively, 
the  heat  absorbed  by  the 
strip  in  unit  time  will  be 
os  Ods+a"HXf  cos  Ods,  where  the  two  integrals  are  to 
i  respectively  over  the  blackened  and  metallic  portions 
Tip,  which  are  exposed  to  radiation  from  the  hot  body, 
be  breadth  of  the  strip,  cos  Od#=dfi,  and  the  expression 
ecomes  a'HXp+a"EJfi" ;  X?  and  X?'  are  the  projec- 
shown  in  fig.  2  of  the  blackened  and  metallic  parts 
rely  of  the  front  surface  of  the  strip. 

3t  the  coefficient  determined  by  Matthiessen  but  can  be  readily  calcu- 
his  results. 

tlometer  strip  is  usually  made  of  a  number  of  narrow  strips  placed  side 
i  connected  in  series.    We  look  upon  it  as  consisting  of  a  single  strip 
and  forth;  A  and  /?'+/?"  are  the  length  and  breadth  the  ezposable 
I  have  if  it  were  straightened  out. 
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The  temperature  of  the  strip  will  be  constant  when  the  hett 
developed  by  the  current  plus  the  heat  absorbed  equals  that 
lost  by  radiation  and  connection  pins  that  lost  by  conduction, 
C,:  Le.  when 

(AW+A"m")(/,-0+C,; 

and 

AW+A"m" 
Introdncing  this  value  in  eq.  (2)  we  obtain    ■ 

6JDa\W,(a'P+a''tn  +0,-0,1  VW^K)  (5) 

4<v/A'm'  +  A"m" 

H/^'/? +<*"£")  is  the  quantity  of  radiant  heat  absorbed  by  the 
Btrip ;  a!  and  a"  will  be  greatest  when  every  element  of  the 
exposed  surface  of  the  strip  is  at  right  angles  to  the  direction 
of  propagation  of  the  radiant  heat ;  L  e.  when  the  front  sur- 
face of  the  strip  is  flat  A'm'-f  A'W  is  the  heat  lost  from 
the  whole  surface  of  the  strip  in  unit  time  when  its  tempera- 
ture is  one  degree  higher  than  that  of  the  surrounding  air  and 
case.  Other  quantities  remaining  the  same,  this  will  be  smaller 
and  d  larger  as  A'+A'',  the  whole  surface  of  the  strip  is 
smaller.  C,  and  C,  are  smaller,  the  smaller  the  cross  section 
of  the  strip.  The  less  metal  in  the  strip  for  a  given  exposed 
surface  the  more  rapidly  will  it  reach  its  temperature  equilib- 
rium when  exposed  to  radiation.  All  these  considerations 
show  that  it  is  best  to  make  the  strip  very  thin. 

If  the  strip  is  so  thin  that  a  further  decrease  in  its  thickness 
would  only  diminish  the  amount  of  heat  given  off  by  it  by  * 
small  fraction  of  this  amount,  it  does  not  appear  that  any 
advantage  would  be  gained  by  making  it  thinner.  In  the  case 
of  a  strip  I"""  wide  the  limit  is  probably  fully  reached  when 
the  thickness*  is  O01mm. 

Let  us  now  determine  how  much  of  the  strip  should  be 
blackened.     There  are  but  three  practical  cases : 

I.  None  of  the  strip  blackened. 

II.  The  whole  surface  blackened. 

III.  The  front  surface  only  blackened. 

Referring  to  eq.  (3)  we  see  we  need  only  consider  the  termf 

\(a'JP  + a"  0") 

*  In  Professor  Langley'8  instruments  the  thickness  lies  between  0*01mm  am 
0001»°>.    See  his  paper  '-On  Hitherto  unrecog.  Wave-lengths,'1  cited  above, 
t  We  suppose  the  strip  to  be  thin  enough  to  allow  us  to  neglect  C,  and  C,. 
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ifrite  (¥+{¥'=13 ;  our  three  cases  give : 
I  ^=^=0;  j9"=0;  A"=2>10; 

IL  A"=0"=O;  ?=$;  A'=2>10; 

HI.  0"=O;  p=fli  A'=A"=tf; 


»d  tf.x 

Vm'  +  hi" 

Suppose  a  black  body,  with  coefficients  of  absorption  and 
nission,  a'  and  m\  to  be  placed  in  a  stream  of  radiant  heat 
:  intensity  H,  its  rise  in  temperature  will  be  given  by  the 
cpression  (t-t0)=lla'/2mf ;  if  the  same  body  should  have 
bright  surface  with  coefficients  a"  and  m",  its  rise  in  tem- 
srature  would  be  [t-t9]=Ha"/2m".  Experiments  with  black- 
led  and  unblackened  thermometers  show  that  \t-t^[<(tx-4^  ; 
.  a"/m" }  <,a'lm! ;  we  also  know  that  a"  <a!,  and  m"<;/&' ;  we 
le  therefore  that  dx<d9<dv 
The  eq.  (3)  can  now  be  written 

DaHM 


6=——Vim*-*di  (4) 


here  M  stands  for  a"/y/2m'\  a'/y/2m'  or  a'/ Vm'-fra",  accord- 
ig  as  our  strip  belongs  to  case  I,  II  or  III. 
In  this  expression  for  <J,  D  depends  for  its  value  on  the  form 
f  the  galvanometer,  etc.,  as  already  noticed  ;  a  is  ratio  of  the 
icrease  in  resistance  of  platinum  for  one  degree  change  of 
jmperature  above  £0,  to  its  resistance  at  temperature  t0. 
[atthiessen  found  that  this  coefficient  did  not  vary  much  for 
liferent  metals.  H  is  the  intensity  of  the  radiation  to  be 
easured.  M  has  its  greatest  value  when  the  front  of  the 
rip  is  very  black  and  the  back  very  bright ;  i  can  be  given 
5  greatest  value  by  having  the  largest  possible  part  of  the 
rip  exposable,  and  making  the  resistance  of  the  rest  of  the 
anch  hR  very  small.  Since  the  resistance  of  the  strip  does 
>t  enter  the  equation,  it  is  of  no  importance  so  long  as  the 
nr  arms  of  the  bridge  and  the  galvanometer  all  nave  the 
me  resistance ;  but  this  should  not  be  so  small  as  to  decrease 
iterially  the  value  of  i,  or  to  make  the  galvanometer  connec- 
ts an  appreciable  fraction  of  the  resistance  in  the  galvano- 
jter  branch.  X  and  ft  only  occur  multiplied  together  and 
der  the  radical  sign ;  other  things  being  equal  d  varies  as  the 
iare  root  of  the  exposable  area  of  the  strip ;  for  a  given 
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area  it  does  not  matter  then  whether  the  strip  be  made  of  i 
single  broad  piece  of  platinum  or  of  several  narrow  pieces 
arranged  side  ny  side  and  connected  in  series.  This  however 
is  subject  to  the  limitations  mentioned  in  regard  to  the  resist- 
ance of  the  strip  The  thickness  of  the  strip  does  not  occur  in 
the  expression  above :  we  have  supposed  the  strip  flat  and  bo 
thin  that  the  edges  are  only  a  very  small  fraction  of  thesis 
face,  and  the  heat  lost  bv  conduction  negligable ;  as  long  tf 
these  are  true,  the  actual  thickness  of  the  strip  is  unimportant; 
(f,-0  k  rtie  increase  in  the  temperature  of  tne  strip  above  the 
case  due  to  the  current  passing  through  it ;  for  a  particular 
bolometer  it  is  proportional  to  the  square  of  the  current  It  is 
this  i|iiautity  most  probably  which  regulates  the  strength  of 
current  that  can  be  used.*"  If  we  had  two  bolometers  which 
were  identical  in  all  respects  except  in  the  thickness  and 
blackening  of  the  strips,  we  could  apparently  use  currents  in 
them  respectively  strong  enough  to  give  the  same  value  of 
{t-tj :  and  if  we  made  M  the  same  for  the  two  instrument* 
the  deflection  produced  on  subjecting  them  to  the  same  source 
of  radiation  would  be  equal.  The  relative  values  of  /,-/,  for 
different  bolometers  can  onlv  be  determined  by  experiment; 
perhaps  no  great  error  would  be  made  if  we  supposed  them 
equal  for  instruments  which  do  not  differ  greatly  in  the  ex- 
posed area  of  their  strips. 


Art.  XV.— Are  there  D*j>-Seti  Medusa  f    by  J.  Walter 

Iewkes. 

In  a  report-  on  the  Medusae  collected  by  the  "  Albatro6Sr 
in  lSs:^— S4r+  I  have  already  considered  the  question  whether 
there  are  zones  of  medusan  life  in  the  depths  of  the  sea.  I 
have  nut.  however,  from  the  nature  of  that  paper,  written  all 
that  mav  be  said,  even  in  the  present  condition  of  our  knowl- 
edge of  the  facts  bearing  upon  it.  It  is  hoped  that  the  present 
paper  will,  at  least,  point  out  the  great  interest  attached  to  a 
scientific  answer  to  the  question  which  is  taken  as  the  title  of 
thU  coinii'iunication. 

A  rtudv  of  the  fauna  of  the  deep  sea  is  of  comparatively 

*  It  i-  iiO"i"»i>  that  the  total  quantity  of  heat  generated  in  the  «rip  by  the 
r-jrr-Ti*  a.vi  '.■orr.ni-.Li'.'iitvd  to  the  air  and  side?  of  the  case  may  effect  the  limiting 
v'..:  -..  t '  t'.  *■  f.,nv-t  int'.-usitr.     If  so  this  would  be  an  additional  rejscn  for  Eik- 

Hi''  '].'-  -triii  t:.!-r: 

"+  !:•? -ort'  on  th':  M'Mlu-ie  i-olleoted  l»y  the  V.  S.  Fish  Commi*5i:n  Steamer 
•  ■  \i.,\tW--'  :n  thr-  r-^i-n  of  the  Gulf  Stream,  in  1SS3-4.  .4 '.*!*:;  £&•>*;  '.*■•:. 
y.kh'ind  /W^^V.'l^l.  pp.  027-1*77.  Plates  1-X.  1S?6.  Mar.r.of  the  :-i«*  L«t 
pr"r"!it*d  ar<;  ul-/,  noticed  in  this  paper. 
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era  growth.  It  is  barely  thirty  years  ago  that  naturalists 
•st  universally  believed  the  abysses  of  the  ocean  to  be 
rts  as  £ ar  as  life  is  concerned.  Deep-sea  exploration  has, 
3ver,  not  only  revealed  the  fact  that  tne  ocean  bed  at  great 
h8  is  peopled  by  a  rich  and  varied  fauna,  but  also  that  the 
lals  which  constitute  that  fauna  are  peculiar  and  markedly 
rent  from  those  found  in  shallow  waters, 
would  seem  a  most  extraordinary  exception,  if  after  the 
1  of  the  ocean  at  great  depths  had  been  found  to  be  in- 
ted,  the  fathoms  on  fathoms  of  water  through  which  the 
iding  weight  passes  to  reach  those  depths  are  destitute  of 
In  mid-ocean,  where  there  is  a  highly  varied  nomadic 
upon  the  surface  and  where  the  dredge  has  brought  up 
i  the  ocean  bed  a  characteristic  assemblage  of  animals,  are 

0  suppose  that  between  these  places  there  is  not  a  repre- 
ative  fauna,  or  must  we  conclude  that  after  we  sink  a  few 
oms  below  the  surface,  life  ceases,  and  that  it  is  not  until 
jome  to  the  floor  of  the  ocean  that  life  again  appears  ?  If 
reen  these  two  limits  there  is  a  fauna,  is  that  fauna  the 
e  as  that  found  at  the  surface,  or  is  it  characteristic  ?  Can 
animals  which  compose  it  be  circumscribed  in  bathy- 
rical  zones  out  of  which  they  cannot  pass  with  impunity  ? 
we,  in  short,  have  in  the  nomadic  oceanic  life  a  change  of 
1a  as  we  sink  below  the  surface  ? 

aturalists  have  been  led  to  suppose  that  since  we  find 
iliar  modifications  in  animals  living  upon  the  sea  bottom  at 
t  depths,  we  should  necessarily  look  for  the  same  variation 
og  nomadic  animals  at  intermediate  depths.    It  would  then 

1  probable  that  there  are  bathymetrical  zones  for  free- 
itning  animals,  and  that  these  animals  are  characteristic  as 
parcel  with  others  which  live  at  the  surface.  y  An  investi- 
>n  of  the  character  of  this  fauna,  if  such  there  be,  has  an 
•est  to  the  evolutionist,  for  it  might  be  supposed  to 
aint  him  with  facts  bearing  on  the  general  characters  of 
mcestors  of  certain  genera  of  surface  life. 

can  imagine  few  places  on  the  earth's  surface  where  the 
Drmity  of  physical  conditions  is  greater  than  in  the  depths 
le  sea.  I  do  not  mean,  as  might  be  supposed^  necessarily 
lie  floor  of  the  ocean,  but  at  the  depth  of  say  one  thousand 
)ms  separated  from  the  ocean  bed  by  a  wall  of  water  of 
lame  depth.  Here,  if  anywhere,  we  may  look  for  uniform- 
f  conditions  and  if  environment  has  anything  to  do  with 
ifications  in  the  generic  forms  of  animal  life,  here  we  can 
ct  to  discover  animals  which  preserve  ancestral  features, 
he  surface  of  the  ocean  there  are  changes  of  temperature, 
of  light,  and  climatic  variations ;  at  the  floor  6i  the  ocean 
3  may  be  reactions  of  the  interior  of  the  earth  upon  its 
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crust,  perhaps  lava  flows  or  geological  oscillations  ;*  but  midwiy 
between  these  two  places,  equally  removed  from  both,  dis- 
turbing causes  only  rarely  penetrate  and  conditions  remain 
more  constant  year  by  year.  Can  we  not  expect  to  find  here 
a  corresponding  uniformity  in  the  fauna  as  compared  either 
with  the  highly  organized  animals  of  the  surface  or  those  of 
the  depths  of  the  ocean  ?  Is  that  fauna  more  uniform  than  any 
other  in  the  ocean  ? 

No  group  of  animals  is  better  suited  for  a  study  of  the 
questions  which  suggest  themselves  concerning  the  bathyroet- 
rical  zones  of  characteristic  animals,  free-swimming  at  aifier- 
ent  depths  in  the  ocean,  than  the  medusae.  The  group  is  a 
large  and  very  variable  one.  It  is  confined,  with  but  few.ex- 
ceptions,  to  the  ocean.  Moreover  it  is  probable  that  its  ances- 
tors were  oceanic  animals.  No  group  of  marine  animals 
presents  fewer  difficulties  in  studying  the  questions  which 
we  have  stated  than  this. 

It  was  with  the  impetus  of  a  new  enthusiasm  for  the  study 
of  these  questions  that  I  undertook,  by  the  advice  of  Proi. 
Verrill,  the  examination  of  the  rich  collections  of  deep  sea 
medusae  made  in  the  Gulf  Stream  by  the  "Albatross."  It 
seemed  to  me  that  the  examination  revealed  much  of  general 
scientific  interest 

I  shall  not  consider  in  this  discussion  the  Hydroida,  as  the 
members  of  this  group  are  for  the  most  part  attached  to  the 
ground,  and  the  problems  connected  witn  them  are  the  same 
as  those  which  pertain  to  all  deep-sea  animals  attached  or  par- 
tially living  on  tne  ocean  bed.  We  shall  also  pass  by,  in  silence, 
the  Ctenophora,  no  genus  of  which  has  yet  been  ascribed  to  the 
deep-sea.  I  propose  to  consider  a  few  of  those  jelly-fishes 
which  are  known  as  the  Acraxpeda  and  incidentally  the  Si- 
phonophora. 

The  history  of  the  study  of  the  deep-sea  medusae  belonging 
to  these  divisions  is  a  very  brief  one.  In  many  of  the  mono- 
graphs on  these  groups  we  have  isolated  mentions  of  medu&e 
which  are  ascribed  to  the  deep-sea.  The  jelly-fishe6  thus  men- 
tioned were  commonly  washed  into  shallow  water  by  ocean  cur- 
rents, by  storms  or  unusual  events  in  the  ocean,  and  the  depths  at 
which  they  were  supposed  to  live  could  only  be  conjectural* 
The  specimens  themselves  were,  for  the  most  part,  in  a  mutila- 
ted condition. 

The  first  and  only  paper  on  the  Siphonophora  of  the  deep- 
sea  is  by  Prof.  Studer,j  who  describes  new  species  and  genera 
of  these  animals  which  were  found  twisted  on  ropes  and  wires 

*Such  changes  might  take  place  even  if  the  oceans  have  practically  been  the 
same  in  past  geologic  times  as  at  present. 

f  Zeitschrilt  fur  Wissenschaitliche  Zoologie,  vol.  xxi. 
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id  in  deep-sea  dredging  and  sounding.  All  of  these  are 
eely  related  to  a  genus  called  Rhizophysa,  which  is  itself 
ted  to  a  medusa  called  Physalia,  or  the  "  Portuguese-mkn- 
war,"  which  habitually  floats  on  the  surface  of  the  ocean. 
The  most  important  work  which  we  have  on  the  Acraspeda 
16  ordinary  jelly-fishes  found  in  shallow  waters),  of  the  deep- 
is,  is  a  report  *  by  Prof.  E.  Hseckel  on  a  collection  made  by 
M.  S.  "Challenger."  No  one  has  done  more  than  he  to  eluci- 
te  the  structure  of  the  jelly-fishes,  and  he  stands  without  an 
ual  in  his  contributions  to  a  knowledge  of  the  deep-sea  mein- 
re  of  the  group.  This  work  of  Haeckel  is,  up  to  the  present, 
e  greatest  contribution  of  any  naturalist  to  the  study  of  the 
xlusan  representatives  of  the  deep-sea  fauna. 
If  space  permitted,  one  or  two  other  smaller  contributions 

S;ht  be  mentioned,  but  these  two  works  are  the  most  important 
itions  to  our  knowledge  of  the  deep-sea  Acraspeda  and 
phonophora. 

We  have  no  complete  account  of  the  deep-sea  jelly-fishes 
the  Gulf  Stream.  That  great  body  of  water,  which  sweeps 
)ng  our  coast  from  the  straits  of  Florida,  northward,  bears  a 
►madic  life,  of  the  wealth  of  which  no  one  has  yet  a  just 
nception.  Those  who  have  studied  the  stream  in  all  latitudes 
ve  spoken  of  this  fact,  and  one  needs  but  lower  a  drag  net 
its  waters  for  a  few  minutes  to  become  convinced  of  its 
ith.  The  surface  of  the  Gulf  Stream  has  been  but  partially 
plored,  the  inhabitants  of  its  depths,  except  on  the  very  bed, 
3  unknown. 

The  means  which  have  been  used  for  the  collecting  of  ani- 
ils  from  intermediate  depths  are  not  all  that  could  be  wished 
f.  There  is  a  call  for  greater  refinement  in  this  kind  of  col- 
!ting.  A  common  way  of  obtaining  this  life  is  as  follows. 
ie  dredge,  trawl  or  drag-net  drawn  up  from  a  great  depth  is 
and  to  bring  with  it  a  medusa.  That  medusa  is  recorded 
>m  the  depth  of  the  trawl.  What  then  is  the  possibility  that 
entered  tne  dredge  on  the  passage  up  through  the  water  ?  I 
ink  every  one  will  acknowledge  that  the  possibility  is  very 
sat,  and  that  the  medusa  may  or  may  not  have  come  from 
3  deep-sea.  A  drag-net  attacned  to  a  dredge-rope  or  wire  is 
netimes  lowered  to  a  certain  depth  and  then  drawn  up. 
3re  also  we  may  ask  how  is  it  known  that  the  medusa  found 
the  net  entered  it  at  the  recorded  depth  ?  A  Siphonophore 
nging  to  a  wire  rope  used  in  sounding  or  dredging  may  or 
ty  not,  as  shown  by  A.  Agassiz,  have  become  twisted  upon  it 
the  depth  at  which  the  animal  appears  to  be  found  when 

*  Report  on  the  Deep-Sea  Medusae  dredged  by  H.  M.  S.  "Challenger"  during 
years  1873-76.     Report  on  the  Scientific  Results  of  the  voyage  of  H.  M.  S. 
»Uenger  during  the  years  1873-76,  vol.  iv,  No.  II. 
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brought  on  deck.     ~  In  most  cases."  writes  Prof,  Yerrill,  uit  is 
impossible  to  say  whether  the  novel  forms  of  medusie  taken  in 
the' trawl  and  trawl  wing*  are  inhabitants  of  the  bottom  waters 
•  •r  the  surfact-.  or  of  intermediate  depth*.     Eventually  thoee 
rhat  belong  to  the  surface  fauna  will  doubtless  be  taken  in  the 
surface-nets,  but  this  will  require  much  more  extensive  collect- 
ing of  the  surface  animals  than  has  yet  been  attempted." 

It  will  thus  )*v  s**rn  that  the  means  of  determining  the  depth 
at  which  the  collecting  of  free  oceanic  animals  takes  place  are 
too  imperfect  for  any  accurate  knowledge  of  the  liathymet- 
rieal  limits  of  so-called  deep-sea  medusa*  We  are  in  fact  on 
the  very  threshold  oi  this  kind  of  research,  and  what  is  now 
most  needed,  in  the  study  of  bathymetrical  zones  of  marine 
life,  are  improvements  in  "methods  of  collecting  at  any  depth, 
so  that  we  can  tell  exactly  at  what  distance  below  the  surfact 
a  nomadic  animal  is  captured  Devices  have  )>een  suggested, 
one  of  which,  the  sv-eal!ed  "Gravitating  Trap/'  of  Lieut 
£:£$bee.  has  been  described  in  the  Bulletin  of  the  Museum  oi 
Comparative  Zo^Iojry  at  Cambridge.  I  am  not  aware  how  ex 
tensively  this  apparatus,  or  others  of  similar  kind,  have  been  usee 
by  those  who  are  in  charge  of  deep-sea  exploration,  or  whetke: 
it  has  J«evn  sutEciently  trird  to  test  its  usetulness  *  If  medusa 
were  always  as  abundant  at  great  depths  as  they  sometimes  ai> 
at  the  surface,  a  device  might  easily  be  invented  for  the  sue 
eossful  capture  of  at  ".east  a  few  specimens.  It  seems  mor 
probable  that    medusa-    are    ik:  o«m:i;on    enough  to  warran 


.      .  »P- 

v  •  ■  v:.  X  ■  S  Mr.  A.  Air.isc.:z  e./.ls  attention  to  the  uncertai 
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e,  between  those  living  on  the  bottom  or  close  to  it  and  the 
rface  fauna." 

This  statement  from  snch  a  high  authority  in  the  study  of 
nine  zoology  would  seem  to  effectually  crash  any  murmur 

belief  in  intermediate  zones  in  the  distribution  of  oceanic 
rms  of  life.  While  I  have  the  highest  respect  for  this  view, 
cannot  help  entertaining  an  .opinion  that  more  observations 
e  necessary  before  we  can  accept  the  proposition  that  there 
e  not  characteristic  belts  of  pelagic  animals  at  different 
spths. 

With  the  question  whether  the  recorded  depths  at  which 
le  Medusae  which  we  shall  consider  are  found,  are  accurate  or 
ot,  we  cannot  deal.  Indeed,  at  this  stage  of  this  kind  of 
eep-sea  exploration,  an  examination  of  these  methods  would 
>e  foreign  to  the  purposes  of  this  paper.  We  take  the  data  as 
;iven  by  the  collector  and  at  present  leave  the  improvement  of 
he  collecting  apparatus  to  otners. 

Can  we  not  approach  this  subject  from  another  side  ?  Are 
here  any  characteristics  in  the  Medusae  themselves  which  show 
hat  they  are  preeminently  fitted  to  live  at  the  depths  or  ap- 
)roximate  depths  from  which  they  are  reported  ?  Has  their 
labitat  left  any  traces  in  the  modification  of  their  anatomy  ? 
5as  the  uniformity  of  conditions  in  their  habitat  led  to  a  cor- 
*e6ponding  simplicity  in  their  structure  and  are  they  nearer  the 
incestral  forms  than  others  with  a  more  varied  environment  ? 
in  account  of  the  singular  structure  of  one  or  two  typical 
?enera  may  help  us  to  answer  this  question  or  at  all  events 
present  certain  facts  which  bear  upon  it.  Let  us  therefore  for 
llustration  consider  one  or  two  representatives  of  the  Acras- 
*da  and  Siphonophora  discovered  by  the  Albatross  in  the 
lepths  of  the  Gulf  Stream. 

Everyone  familiar  with-  the  anatomical  structure  of  the 
>iphonophores  will  recognize  how  difficult  it  is  to  find  in  those 
pnera  like  Hhizophysa  anything  to  point  to  an  adaptation  to 
1  deep-sea  life.  The  Albatross  has  discovered  new  Physo- 
)horea  closely  allied  to  Rhizophysa^  one  of  which,  Petrophysa, 
caches  the  enormous  size  of  twenty  feet  in  length  in  alconol. 
The  float  of  this  animal  is  larger  than  that  of  any  true  Siphon-* 
>phore  except  Physalia.  The  large  size  of  the  float  in  these 
%sophores  would  seem  an  effective  argument  against  their 
Captation  to  a  life  in  deep  water,  especially  as  their  nearest 
My,  Physalia,  is  preeminently  a  surface  form. 

It  is  extremely  difficult  to  gather  from  the  structure  of  the 
Nown  Siphonophora  ascribed  to  the  deep-sea  anything  to  indi- 
»te  an  adaptation  to  such  a  life.  The  group  can  afford  little 
atigfaction  in  our  answer  to  the  question  of  whether  there  is  a 
lomadic  deep-sea  life  or  not 
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The  nature  of  the  argument  for  the  existence  of  medusas 
life  in  bathy metrical  zones  may  be  best  illustrated  by  consider- 
ing a  few  examples  of  the  Acraspeda  These  are  not  the  only 
instances  which  might  be  chosen  and  possibly  are  not  the  best 
They  are  thought  to  be  as  suggestive  as  any  among  the  Acras- 
peda which  have  been  ascribed  to  great  depths. 

One  of  the  most  characteristic  families  of  Acraspeda  is  called 
the  CottoMpidcB.  The  family  is  supposed  to  belong  to  the  deepeea 
and  is  represented  by  two  genera,  Atotta  and  VoUaspis,  wnich 
differ  from  each  other  rather  obscurely  in  the  regular  or  irreg- 
ular arrangement  of  the  sexual  glands.  It  is  a  question  whether 
we  have  more  than  specific  differences  in  the  features  which 
have  been  pointed  out  Dy  Hseckel  as  separating  the  two. 

Up  to  the  present  the  genus  Atotta  is  represented  by  a  single 
species  collected  by  the  Challenger  (A.  Wyvillii  Hseck.)  and  two 
Hixjcies  from  the  Gulf  Stream  (A.  Bairdii  and  A.  Verrittii 
Fewkes). 

The  structure  of  AtoUa  is  thought  to  be  more  primitive  than 
the  ordinary  inshore  genera,  Oyanea  and  Aurelia.  It  is  so 
characteristic  that  I  repeat  from  my  paper  on  the  anatomy  of 
this  genus,  a  condensed  notice  of  some  jpeculiarities.* 

If  we  compare  Atofla  with  our  common  surface  medusae,  as 
A  arefia%  we  notice  many  marked  peculiarities. 

In  the  former  we  have  a  coronal  furrow,  which  is  not  repre- 
sented in  Aurelia  although  found  in  a  well  known  surface 
medusa  {Periphylla).  We  have  in  Atotta  a  variable  number 
^generally  twentv-two)of  sense-bodies  or  peduncles  of  the  same. 
In  Aurelia  we  have  always  eight  sense-bodies.  The  coronal 
muscle  i*  peculiar  to  Atotta. 

The  sense-bodies  of  Atoll  a  are  spoken  of  by  Haeckel  as  rudi- 
mentary, and  it  is  supposed  that  we  have  in  a  deep-sea  medusa 
an  adaptation  for  a  life  in  the  depths  into  which  the  light  never 

*  Tho  umbrella  when  skvn  from  the  up|ver  side  is  found  to  be  divided  by  a  deep 
nui;«i|i:ip<M  cr«»o\e  into  a  central  and  peripheral  region.  The  groove  is  called 
the  coronal  :. »<*<.»,  i!:o  central  region,  the  discus  centralis,  and  the  periphery  the 
corona.  The  corona  is  farmed  of  a  number  of  wedge-shaped,  gelatinous  hl-ck* 
loiiii  vi  driller  and  :varing  on  their  outer  rim,  alternately,  tentacles  and  sense 
on-an*.  rie<o  gohtino:;*  Work*  are  designated  by  the  term  socle,  taken  from 
architectural  nouu-no*ai:::v,  and  art*  of  two  kind*:  those  which  bear  the  tentacles 
o.d'od  the  tcm.icul-.ir  soo  Vs.  and  those  which  carry  the  sense-bodies  (if  such  exist) 
tVe  H,vlrs  of  \\w  >:»:*.  so-Ksi".e>.  The  socles  of  the  sense-b<»dies  bear  two  thin  flaps 
called  the  iii.rcin  \\  apivts.  Oa  the  under  side  of  the  disk  we  have,  below  the 
ootoiit.  a  larce  -re  shaivd  muso'.e  called  the  coronal  muscle,  which  is  highlj 
c'-u.-wioriMv  .»!:d  "..ircer  in  thiscenus  than  in  any  other  known  medusa.  Aiia"5 
to  ihss  nr.;v*ic  :':.  tv  ;-  a  .-one  fortuod  of -ijrht  kidney -shaped  sexual  glands,  and  a 
Miuplo  :»o*:tI\  whv\  .jvns  iuto  a  ba^-shaped  stomach.  Iu  the  interior  of  the 
Kvh  i!w  i<  »  c.rc.i\ir  cuvitv  tilling  the  antral  disk,  which  opens  byfonrori- 
thv<  !:-\o  a  :--jf.*ha:H\:  sinus  whieh  !ie  in  the  gelatinous  body  of  the  coron*. 
Ktvm  the  outer  isi^v  of  thi#  ring-shaped  sinus  simple,  unbrancbed.  peripheral 
tulv*  evtend  through  th*  tvll-substance.  passing  into  the  cavities  of  the  tentacle? 
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netrates.  We  may  have  here,  what  we  so  often  find  in  deep- 
i  animals,  a  redaction  in  the  size  and  efficiency  of  the  special 
van  of  sense  to  fit  the  medusa  for  the  conditions  under 
lich  it  must  live  in  great  depths.  Stated  in  a  startling  way, 
)  might  speak  of  Atolla  as  a  blind  medusa.  This  statement 
mid  hardly  be  justifiable  and  we  can  at  present  go  no  further 
in  to  say  that  the  special  sense-bodies  of  sight  *  are  supposed 
be  rudimentary.  It  must  however  be  borne  in  mind  that  no- 
lere  among  Acraspeda  do  we  have  so  many,  twenty-two, 
ise-bodies  as  here.  In  some  specimens  there  are  twenty-eight 
use- bodies  in  this  genus. 

It  is  extraordinary  that  one  of  the  known  species  of  Atolla, 
L  WyviUii  Hseck.),  comes  from  the  Antarctic  Ocean,  while 
r  two  species  were  both  from  the  warm  (?)  water  of  the  Gulf 
ream.  In  the  southern  hemisphere  its  lowest  limit  is  about 
00  fathoms,  while  north  of  the  equator  it  comes  from  the 
rface  or  within  a  few  hundred  fathoms. 
Among  the  medusae  collected  by  Lieut  Greely  in  the  icy 
iters  of  Lady  Franklin  Bay,  is  an  interesting  jelly-fish  allied 
Afatta.  This  genus  (JVaupAanta)  has  been  found  but  once 
fore  and  then  by  the  naturalists  of  the  Challenger  in  the  neigh- 
>rhood  of  the  island  of  Tristan  d' Acunha  in  the  South  Atlantic, 
the  latter  locality  it  is  recorded  from  about  1500  fathoms, 
bile  in  Lady  Franklin  Bay  it  is  found  on  the  surface.  From 
veral  differences  in  these  two  specimens,  those  from  the  Arctic 
d  those  from  the  South  Atlantic,  I  have  supposed  the  boreal 
rm  to  be  new  and  have  called  it  by  the  specific  name  j>olaris.f 
ie  Challenger  specimens  were  placed  under  a  new  genus 
lied  by  Haeckel,  Nauphanta.% 

Before  we  consider  the  relationship  between  Atolla,  Nau- 
wnta  and  other  related  medusae,  ascribed  to  the  deep-sea,  let 
b  mention  another  new  medusa  collected  by  the  Albatross  in 
e  Gulf  Stream.  The  genus  Nauphantopsw,  is  of  interesting 
inities,  since  it  has  the  same  central  disk  as  Nauphxmta  and 

%  Whether  the  "  eye  "  of  the  jelly-fish  can  distinguish  form  or  not  has  not  been 
fionstrated.  Simple  experiments  made  by  passing  rays  of  light  through  dishes 
which  they  are  confined,  or  the  simple  fact  that  they  almost  always  congregate 
the  illuminated  side  of  the  same,  are  not  conclusive  to  me  that  they  distinguish 
ft.  Kxperiments  with  sensitive  plates  to  show  the  depths  to  which  light  pene  - 
tee  the  water  are  most  suggestive  in  this  connection.  It  seems  pertinent  to  the 
ole  inquiry  to  ask  whether  looked  at  from  the  physical  side  there  are  not  rays 
light  of  such  a  nature  that  the  vertebrate  eye  is  not  able  to  perceive  them,  but 
lich  may  act  upon  the  visual  organs  of  other  animals. 

f  Savphanta  polaris  has  a  central  disk  as  in  Atolla,  a  coronal  fossa,  and  a 
"ona,  which,  however,  is  formed  of  sixteen  socles,  eight  of  which  bear  tentacles, 
itacular  socles,  and  eight  sense- bodies.  The  outlines  of  these  socles  is  more 
erly  marked  than  in  AtoUa  on  the  upper  surface  of  the  corona,  which  they 
*»,  on  account  of  the  deep  sculpture  which  separates  them. 
|  The  name  Xauphauta  was  preoccupied  in  1879,  when  applied  to  this  Medusa, 
*iag  been  given  to  a  worm  in  1 864. 


i 
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Atolla,  the  same  coronal  fossa  and  coronal  socles.  It  is  most 
closely  allied  to  Nauphanta  bnt  has  thirty-two  socles  instead  of 
sixteen,  eight  sense-bodies  (?)  and  twenty-four  tentacles.*  These 
tentacles  are  therefore  arranged  in  threes,  each  series  of  three 
alternating  with  eight  sense-bodies. — All  with  gelatinous 
socles. 

It  is  easy  to  interpret  the  three  deep-sea  Acraspeda,  Atolhi, 
tYaup/ittnta,  and  Nauphantopsi*.     At  first  sight  they  closely 
resemble  gigantic  young  Aurelia  or  Cyanea  in  a  stage  which 
is  called  the  ophyra.     This  is  especially  true  of  Nanphanta, 
which  has  the  same  number  and  arrangement  of  tentacles  as 
the  young  Cyanea  or  Avrelia  in  the  ephyra  stage.    It  is  so 
close,  in  fact  that  at  first  sight  they  seem  identical.     In  Xau- 
phaikUi  we  have  mature  ovaries,  and  this  would  seem  to  indicate 
the  adult  form.     The  existence,  however,  of  ova,  and  a  sexual 
maturity  is  by  no  means  an  indication  of  the  acquisition  of  the 
adult  form  among  medusae,  and  many  instances  might  be  men- 
tioned of  a  jellv-tish  with  mature  ova  even  before  embryonic 

tM  •'  a>"  ' 

appendages  have  been  dropped.  There  is  nothing  then  to 
prove  that  Nauphanta  is  not  the  young  of  some  other  medusa, 
and  on  the  other  hand  there  is  no  proof  that  it  is  not  an  adult. 
If  it  is  an  adult,  it  is  a  mature  meousa  with  likeness  to  embry- 
onic conditions  of  other  medusae.  It  would  then  be  nearer 
the  ancestral  form  of  Acraspeda  than  any  of  the  more  common 
mediistv  like  Cyanea  and  Aurelia. 

At  first  study,  I  was  inclined  to  regard  Atolta  as  a  giant 
ephyra  of  some  unknown  medusa.  Its  affinities  are  certainlv 
very  close  to  Xauphanta  and  through  the  latter  genus  it  i* 
connected  with  ephyra,  the  young  of  Cyanea.  We  may 
therefore  regard  both  these  genera  as  embryonic  in  their  struc- 
ture and  as  elo>e  allies  of  the  young  of  a  higher  jellv-tish.  It 
is  a  most  interesting  faet  that  two  genera  with  such  marked 
characters  art1  considered  deep-sea  genera.  Exactly  what  the 
evolutionist  would  ex  [vet  from  the  uniformity  of  conditions 
which  exist  in  dec n  water,  we  tind  manifested  in  the  simple 
anatomy  of  two  ot  the  more  characteristic  deep-sea  genera  of 
Acraspeda.  a  simplicity  of  structure  of  embryonic  and  there- 
fore of  ancotra!    nature.     It  is   certainly   strange  that  these 

two    facts    arc    asMviatcd.       It    is    an    extraordinary  coinci- 

* 

v  \  »  »  ■<  .s:v  :-.t.  >:.v.-  -;x-r:s  :r.   >  r«;a::o&$Mp  to  the  surface  genu* 

.  '•  \»  \.w\     .>■.:>«.:-<■;    \v..;  *  :■:  *:  :»i".vo  testacies  in  four  series  of  three 

i'  i.  !■       W  »•   '  \,  «  .v      ..\ .     :■.   :>.o   s.-.::--.   *-.^::*  :£.'.rk*ii  coroiial  ^■cles.  sixteen  ir. 
iitmtiv!    w :.-.v  \  ■   ■  *  >  '  .-.*  ::■.-.-: y-:w„\     „V.sm  VniVj-w  then  appears  tot* 

iu'!!ii,mi-.  ..•■    »   \  ■  * . . ;    V   .:     ■■  ■ :  a::.:  JV-\;  ;«$. ."-".:.     I  btlieve  we  are  justified 
in  i»  i-  u-:-.:  .;  \  s>  .v  ,-..:  '.:  .-.      ■-.-.£>.  wi*-  I  irs:  studied  it  I  was  strongly 

ui.-i  iv,i  ;,-  -xk  .    .      :v  ■.::■■■  .*:.  r\-  a:1.--  ...      ";  -:-si  t-e  confessed  that,  with  thee* 
t-i'pti.Mi   i   .i.  ..>  ; .«:   :   >&■■  ***-"'.vi,  {\  w;-..".f  r*^}\±'Ja  has  but  four,  there  are 

iu«:'.-  iv».-:-.      «  x\  ^  .;>^:  .-.;.;  .-..«:  .'*.-._.  *j."»s  ari  the  genu*  Xauphanta. 
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:  the  deep  water  at  which  the  medusae  were  found 
embryonic  affinities  in  their  anatomy  have  not  the  re- 
ip  of  Cause  and  Effect.  The  discovery  of  a  Nan- 
in  the  icy  waters  of  the  Arctic,*  while  it  shows  that 
us  may  approach  the  surface  when  the  temperature  of 
3th  at  which  it  lives  becomes  a  surface  temperature, 
also  indicate  that  the  genus  is  not  confined  to  the  great 
it  which  it  is  reported  from  the  South  Atlantic.  If 
%nta  cannot  rise  to  the  surface  in  the  latitudes  of  Tris- 
cunha,  it  may  be  that  the  elevation  of  temperature 
'&  habitat  keeps  it  at  great  depths.  At  the  higher  lati- 
North  Greenland,  however,  the*  cold  zone,  in  which 
into,  livefe  in  the  South  Atlantic,  is  about  the  surface 
iture.  Here,  then,  as  far  as  thermal  conditions  go,  the 
can  rise  to  the  surface.  We  .here  encounter  what  I  be- 
ill  be  found  to  be  an  influence  of  more  important  char- 
i  the  modification  of  medusan  life  at  great  depths,  than 
th  of  water  itself.  Medusae  are  sensitive  to  changes  of 
iture  in  the  ocean ;  so  sensitive  in  fact,  that  for  many 
bhe  line  of  demarkation  between  warm  and  cold  oceanic 
3  are  often  dead  lines  to  these  delicate  creatures.  It  is 
:>wn  that  certain  genera  can  be  frozen  without  being 
3v  the  change,  and  that  medusae  suffer  less  from  a  dim- 
in  temperature  than  from  an  elevation  of  the  same, 
particularly  true  of  those  genera  like  Aurelia,  Sa/rsia 
ere  which  habitually  inhabit  cold  water.  A  tempera- 
-|-70o  F.,  is  fatal  to  them,  while  many  tropical  forms 
ily  live  even  in  higher  temperatures.  Temperature  in 
an  has  drawn  invisible  lines  in  the  distribution  of  me- 
depth  as  well  as  latitude,  and  it  is  at  present  very  dif- 
•  separate  this  cause  from  that  of  pressure  in  the  bathy- 
1  limits  of  the  jelly-fishes.  The  poverty  of  our  knowl- 
the  ranges  of  temperatures  which  jelly-fishes  can  en- 
too  great  to  admit  of  any  generalizations  of  value  on 
&tion.  Still  there  are  no  facts  of  more  vital  importance 
liscussion  of  the  question  of  whether  there  are  deep- 
raspeda  than  those  which  bring  information  of  the  ther- 
its  at  which  the  medusae  can  live. 

>uld  be  profitable,  if  space  permitted,  to  consider  other 
of  Acraspeda  made  known  by  the  Albatross,  in  their 
s  on  the  question  which  is  the  title  of  this  paper, 
ree  genera  already  considered  present  us  the  strongest 
ut8  which  can  be  found  in  the  modification  of  external 
yrnal  anatomy,  as  indicative  of  a  deep-sea  habitat. 

rt  on  the  Medusae  collected  by  the  Lady  Franklin  Bay  Expedition,  Lieut, 
aely  commanding.     Appendix  No.  XI. 
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"Those   Medusae,"  writes  Hseckel,  " may  be  regarded  with 
greater  probability  as  permanent  and  characteristic  inhabitant! 
of  the   deep-sea,   which  have  either  adapted  themselves  by 
special  modifications  of  organization  to  such  a  mode  of  life,  or 
which  give  evidence  by  their  primitive  structure  of  a  remote 
phylogenetic  origin."      He  then  enumerates  those  which  he 
places  in  this  category,  among  which  are  the  two  remarkable 
genera,  Atolla  and  JSauphanta.     "  It  is  by  no  means  certain," 
writes  flseckel,  u  that  all  the  eighteen  medusae  described  below, 
(Report  on   Challenger  Medusae)  are  constant  inhabitants  of 
the  deep-sea."      We  have  discussed  the  argument  drawn  from 
two  of  the  most  characteristic  of  the  Acraspeda,  viz :  Atolla 
and  Ncmphantd)  and  can  readily  subscribe  to  this  statement 
as  far  as  these  are  concerned. 

The  resemblance  of  NauvhantopsU  and  Atolla  to  Ephyra 
is  believed  to  have  a  morphological  significance ;  Ephyra  is 
thought  to  be  the  ancestral  form  of  the  Acraspeda,  and  these  so- 
called  deep-sea  medusae  still  preserve  the  ancestral  form  with 
small  moaifications,  except  in  size,  repetition  of  organs,  and 
certain  other  characters.  Of  the  development  of  Atolla  or  of 
the  Collaspidw  we  know  nothing,  and  yet  a  knowledge  of 
this  subject  is  possibly  to  reveal  the  solution  of  important 
questions.  If  tne  mode  of  growth  should  prove  to  be  a  di- 
rect development  without  a  Scypho8toma,  it  would  certainly 
increase  my  belief  that  these  medusae  somehow  resemble  the 
ancestral  forms.  I  have  already  elsewhere  shown  that  among 
the  hydromedusae  with  alternation  of  generations  and  those 
with  a  direct  development,  the  latter  method  is  normal 
while  the  former  is  a  secondary  modification.  Among  Acrafr 
peda,  also,  the  direct  development  of  Pelagia  is  the  ancestral 
method,  while  the  formation  of  a  Scyphostoma  is  a  second- 
ary modification.  We  should  expect  to  find  in  Atolla  a  di- 
rect development,  if  it  be  an  ancestral  genus.  From  its  mode 
of  life  in  the  high  seas  we  should  also  expect  the  same.* 

Abandoning,  for  the  present,  as  insufficient,  any  evidence 
which  might  be  adduced  from  the  structure  of  the  inedus© 

*  I  believe  the  Lucernarians  are  degenerate  adult  Acraspeda,  which  have  at- 
tached themselves  to  the  bottom  much  in  the  same  way  as  Cassiopca  frondon 
and  become  modified  in  consequence:  While  it  may  be  said  that  they  are  homol- 
ogous to  the  Scyphostoma  stage,  it  is  not  thought  that  they  are  ancestral.  They 
are  in  reality  secondarily  modified,  for  the  ancestral  method  of  development  u 
direct,  without  an  attached  young,  in  Acraspeda.  as  in  Craspedota. 

While  the  primitive  structure  and  relationship  of  Atolla,  Nauphanta,  and  No* 
phantopsis  would  seem  to  ally  them  clo&ely  to  Kphvra   and  stamp  them  as  leas 
modified  than  such  genera  as  Cyanea,  in  certain  anatomical  details,  they  might  be 
regarded  as  higher  even  than  the  last  mentioned.    We  cannot,  consequently  dmw 
from  their  simple  relationship  to  an  embryonic  form,   the  conclusion  that  they 
have  retained  that  likeness  on  account  of  the  simpler  conditions  of  deep-water 
habitat.     Nor  is  the  argument  drawn  from  the  supposed  abortion  of  the  sense- 
body  conclusive,  as  far  as  these  medusae  are  concerned;  although  it  looks  plausible. 
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lemselves  and  passing  to  the  recorded  facts  in  relation  to 
athymetrical  distribution,  we  find  no  more  satisfaction  from 
bis  consideration.  It  would  appear  that  the  strongest  argu- 
nents  for  the  existence  of  nomadic  deep-sea  medusae  of  the 
icraspeda  are  found  by  Heeckel  in  the  following  genera.* 
Ihe  names  in  brackets  are  authorities  for  distribution. 

1.  Pectanthis:  Surface  (Hseckel). 

2.  Pectyllis:    200-600  fms.    (Hssckel)., 

3.  Pectis :  1260  fms.  (Hseckel). 

4.  Cunarcha :  "  Possibly  captured  in  drawing  up  the  lead," 

(Hseekel). 

5.  Aeginura:  "2150  fms.  apparently"  (Hieckel). 

6.  Periphylla :  Surface  (Fewkes). 

7.  Periphema:   1975  fms.  (Haeckel). 

8.  Tesserantha :   2160  fms.  (Hseckel). 

9.  Atolla:  2040  fms.  (Haeckel),  surface  (Fewkes). 

10.  Nauphanta:   1425  fms.  (Hseckel),  surface  (Fewkes). 

Of  the  above  genera  the  Albatross  has  collected  many  speci- 
mens of  Periphylla  and  Atolla  from  the  surface  of  the  ocean. 
Greely  collected  a  species  of  Nauphanta  from  the  icy  waters 
of  the  surface  of  Lady  Franklin  Bay ;  Periphema  is  so  closely 
allied  to  'Periphylla  that  we  may  well  hesitate  to  accept  its 
limitation  to  the  great  depth  at  which  it  is  recorded  (2100 
fms.);  Pectyllis  is  recorded  from  200  to  600  fms.  In  the 
present  use  of  the  word  deep-sea  this  genus  can  hardly  be 
regarded  as  preeminently  a  deep  sea  medusa.  There  remainsf 
Pedis  (1260  fms.)  and  Tesseraiithu  (2160  fms.)  as  the  only 
genera  in  the  above  list  which  can  be  regarded  as  purely 
Jeep-sea  *  in  their  habitat.  Each  of  these  is  described  from 
tingle  specimens  and  the  former  is  closely  allied  to  well-known 
surface  genera.  The  foundation  in  observation  for  a  belief  in 
'ie  existence  of  nomadic  deep-sea  medusae,  as  far  as  recorded 
iepths  go,  is  certainly  not  all  that  might  be  desired. 

Possibly  a  stronger  argument  for  the  existence  of  deep-sea 
Icraspeda  may  be  drawn  from  the  structure  of  the  interesti- 
ng free  genus  of  Lucernaridae  (Lucemaria  hathyphila  llaeck.). 
Phis  species  is  recorded  from  540  fms.  The  fixed  Lucemaria> 
re  found  in  shallow  water.      The  argument  drawn  from  the 

*Op.  cit.,  Introduction  p.  ii. 

f  Cunarcha  was  "possibly  captured  in  drawing  up  the  load,"  and  Aeginura, 
150  fm8.t  hi  apparently." 

As  a  bit  of  positive  evidence  that  Atolla  is  a  deop-aea  medusa,  Mr.  Thomas  Lee, 
io  has  seen  the  genus  when  collected,  informed  me,  after  I  had  shown  him  u 
ecimen  of  Atolla,  that  he  remembers  it  in  deep-water  trawls.  In  now  collec- 
>ns  made  by  the  Albatross  in  1885-86,  Atolla  in  several  instances  is  recorded 
>m  the  "Surface;"  and  one  of  those  described  in  the  collections  of  1883-84 
recorded  from  the  Surface. 
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structure  of  the  free   Lucernarian   would   be  stronger  if  the 
so-called    attached  species  had  been  brought  up  from  great 
depths,  or  if  Scyphostoma  had  been  reported  from  the  ocean 
bed.     It  is  suggested  that  those  who  have  in  charge  the  col- 
lecting of  deep-sea  animals,  observe  with  care  the  contents  of 
the  dredges  for  attached  Scyphostoma  and  Lucernarians,  and 
it  is  particularly  desirable,  from  a  morphological  standpoint, 
that  the  development   pf  such   genera  as  Atolla  be    known. 
If  it  can  be  shown  that  this  and  related  medusae  have  an  indi- 
rect development,  with   an  attached  Strobila  living  in  great 
depths,  they  may  rightly  be  called  deep-sea  medusae.     A  nom- 
adic jelly-fish,  limited  in  bathymetrical  habitat,  could  best  ful- 
fill its  conditions  of  life  by  having  a  direct  development  with- 
out attached  larval  conditions. 

Why  cannot  we  suppose  that  deep-sea  medusae  can  live  at 
the  surface  and  also  at  great  depths  ?    Why  look  for  bathy- 
metrical zones  in  the  ocean  for  nomadic  animals  ?     The  main 
reason  seems  to  be  the  exceptional  nature  of  such  a  wide  dis- 
tribution in  places  so  widely  separated  in  physical  character- 
istics.   It  may  be  possible  for  a  medusa  to  live  equally  well 
at  the  surface  and  under  a  pressure  of  2000  fins,  of  water,  and 
in  the  different  temperatures  of  these  two  regions,  but  if  they 
can  endure  these  widely  different  conditions,  they  do  not  re- 
semble other  animals  and  their  own  relatives  from  the  shallow 
waters.      The  logical  inference  from    what   is  known  of  the 
differences  between  the  facies  of  deep-sea  animals  on  the  ocean 
bottom   and   those  from  the  littoral  zone,  would  seem  to  be 
true  of  animals  which  are  not  fixed  to  the  ground  nor  depend- 
ent upon  it,  viz :  that  there  are  bat hy metric  limits  in  the  ocean, 
even  to  nomadic  animals  apparently  as  helpless  as  the  medusa?. 

In  closing  my  short  discussion  of  the  question  of  deep-sea 
nomadic  medusan  life,  it  can   be  said   that  as  far  as  the  data 
thus  far  gathered  goes,  neither  the  recorded  depths,  nor  the 
structure  of  the  genera  considered,  demonstrates  that  we  have 
a  serial   distribution  of  free  medusa?  in  bathymetrical  zones. 
While    our   present    information  is  insufficient  to  answer  the 
question,  it  xerms  to  me  that  the  case  is  much  stronger  than 
trie  arguments  which  can  be  advanced  in  its  support     There 
is    little  doubt  that    medusan    life    has   bathymetrical  limita- 
tions.    Our  well-known  surface  medusa?  probably  cannot  live 
at  great  depths,  and  their  places  are  probably  taken  there  bv 
others ;  still,  until  there  are  more  exact  data  bearing  on  thi*1 
conclusion,   it  cannot  be   demonstrated  to  be  true.     What  te 
now  needed  is,  in  the  first  place,  an  accurate  determination 
of  the  depth  at  which  medusa1  of  different  genera  are  captured*, 
and  secondly  a  more  accurate  study  of  peculiarities  of  anatomy 
and  development  of  those  which  are  supposed  to  be  thuslini'     I 
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ted  in  habitat.  It  is  also  equally  necessary  that  the  surface 
'anna  should  be  better  known  for  comparison.  There  are  at 
present  a  few  marine  stations  in  the  Mediterranean  and  North 
Atlantic,  where  the  study  of  surface  life  is  zealously  prose- 
cuted, but  it  is  only  when  the  Mullers'  net  has  been  used  with 
sqnal  zeal  in  the  South  Atlantic,  the  Indian  ocean  and  Pacific, 
that  we  can  have  a  basis  to  work  upon.  An  exploring  ves- 
Bel  on  a  cruise  through  these  waters  is  not  enough.  It  is  a 
reconnaissance.  There  must  be  established  permanent  marine 
stations  where  the  study  will  be  carried  on  year  after  year 
for  a  long  time  in  one  locality. 


OBITUARY. 

Ferdinand  V.  Hayden. — Dr.  Hayden,  whose  death  is  an- 
nounced on  page  88,  of  the  January  number  of  this  Journal,  was 
born  in  Westfield,  Mass.,  in  September,  1829.  He  was  a  graduate 
of  Oberlin  College,  Ohio,  and  received  the  degree  of  Doctor 
of  Medicine  from  the  Medical  School  of  Albany,  N.  Y.,  in  1853. 
He  was  surgeon  in  the  army  during  the  civil  war ;  and  after  it, 
for  seven  years,  he  held  the  position  of  Professor  of  Mineralogy 
and  Geology  in  the  University  of  Pennsylvania. 

But  the  larger  part  of  his  time  from  1853  to  the  close  of  1878, 
an  interval  of  twenty-six  years,  was  spent  in  Rocky  Mountain 
exploration,  in  which  his  special  work  was  geological ;  and 
through  his  labors  and  the  investigations  of  those  associated  with 
him,  a  wide  extent  of  territory,  until  then  little  studied,  was  ex- 
amined geologically  and  topographically,  coal  beds  were  found 
and  a  new  coal  flora  made  known,  new  fossil  mammals  and  other 
species  in  great  numbers  were  collected  and  described,  the  strati- 
jjraphy  aud  paleontology  of  the  Cretaceous  and  Tertiary  and  the 
intermediate  Laramie  or  Lignitic  beds  were  well  investigated, 
and  the  Yellowstone  Geyser  region  brought  to  notice,  explored 
and  described  with  full  illustrations. 

Dr.  Hayden's  personal  work  consisted  in  a  general  geological 
reconnaissance  of  the  regions  visited,  the  collection  of  fossils, 
which  was  the  chief  object  of  the  earlier  expeditions,  and  the 
supervision  and  direction  of  the  surveying  parties.  lie  was  the 
first  to  make  known  the  facts  as  to  the  vast  Tertiary  lake-areas  of 
the  summit  region  and  eastern  slopes  of  the  Rocky  Mountains, 
▼hence  he  drew  the  conclusion  that  the  elevation  of  the  moun- 
ting went  on  slowly  through  the  whole  Tertiary,  commencing 
with  the  Laramie,  which  afforded  some  brackish  water  fossils. 

His  first  two  expeditions  were  made  in  1853  aud  1855,  to  the 
Bad  Lands  on  White  River,  in  Dakota, — that  of  1853  at  the 
expense  of  Professor  James  Hall.  Large  collections  of  remains 
°f  fossil  mammals  were  brought  home,  besides  numerous  other 
species.    His  paleontological  friend,  Mr.  F.  B.  Meek,  was  with 
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a  champion  speller  in  the  numerous  4  matches '  that  enlivened  the 
District  school."     At  the  age  of  eleven,  nearly  twelve,  he  was 
sent  to  the  Grammar  school  at  Clinton,  where  he  remained  for 
two  years,  and  the  following  year,  to  the  Fairfield  Academy, 
both  of  the  schools  places  where  all  the  classics  and  mathemat- 
ics were  taught  that  were  required  for  entering  the  colleges  of 
the  land.     But  his  instruction  was  cut  short  by  his  father's 
desire  that  he  should  enter  the  Fairfield  Medical  School.    This 
school,  of  high  repute,  was  established  at  that  place  in  1812, 
as   the  College  of  Physicians  and  Surgeons  of  the  Western 
District  of  New  York      Dr.  James  Hadley  was  the  Profes- 
sor of  Chemistry  and   Materia   Medica,   and   his  lectures  of 
1825-6,  while  Gray  was  in  the  Academy,  and  1826-7,  after  he 
had  taken  up  medicine,  gave  the  young  student  his  first  in- 
struction  in  science.     During  the  following  winter  at  Fair- 
field, that  of  1827-8,  the  article  on  Botany  in  the  Edinburgh 
Encyclopaedia  attracted  young  Gray's  attention,  and  excited 
his  interest  so  deeply  that  he  at  once  bought  a  copy  of  "  Eaton's 
Botany  "  and  longed  for  spring.     As  spring  opened,  "  he  sal- 
lied forth  early,  discovered  a  plant  in  bloom,  brought  it  home 
and  found  its  name  in  the  Manual,  to  be  Claytonia    Virginka, 
the  species  C.  Caroliniana,  to  which  the  plant  really  belonged 
not  being  distinguished  then."     From  this  time,  collecting  plants 
became  his  chief  pleasure.     He   finished  his  medical  course, 
and,  in  the  spring  of  1831,  took  his  degree  of  Doctor  of  Med- 
icine— to  him  the  basis  for  a  title,  but  not  for  future  work. 

This  ended  his  school  and  college  days.  As  Gray's  scien- 
tific education  was  carried  forward  without  the  aid  of  a  formal 
scientific  school,  so  it  was  with  his  literary  studies.  He  had 
not  the  benefit  of  university  train  iug,  and  yet  became  eminent 
for  his  graceful  and  vigorous  English,  the  breadth  of  his 
knowledge,  his  classical  taste,  and  the  acuteness  of  his  logical 
perceptions. 

Before  the  close  of  the  medical  course,  he  had  opened  corresr 
pondence  about  his  plants  witli  Dr.  Lewis  C.  Beck,  a  promi- 
nent botanist  of  Albany,  and  had  had  a  collection  named 
for  him  by  Dr.  John  Torrey  of  New  York.  Moreover,  about 
this  time,  he  delivered  his  first  course  of  lectures  on  Botany, 
as  substitute  for  Dr.  Beck,  and  made  use  of  the  fees  that  he 
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Kved  for  the  expenses  of  a  botanical  excursion  through 
torn  New  York  to  Niagara  Falls.  Gray  also  delivered  a 
toe  of  lectures  at  Hamilton  College,  Clinton^  on  mineralogy 
"botany,  for  Prof.  Hadley,  in  the  college  year  of  1833-4,  a 
jprmphical  sketch  of  Prof.  Hadley,  of  Fairfield,  by  his  son, 
eminent  Professor  of  Greek  at  Yale,  stating  that  his  father, 
»  gave  up  his  lectures  at  this  college  in  1834, "  supplied  his 
Bfe  during  the  last  term  by  a  favorite  pupil  and  much  valued 
tod,  Dr.  Asa  Gray,  who  commenced  under  Professor  Had- 
£  the  studies  which  were  to  make  him  preeminent  among 
p  botanists  of  his  time."  Prof?  Hadley,  the  sketch  says,  had 
(Bed  botany  at  New  Haven,  Ct.,  in  1818,  under  Dr.  Eli  Ives, 
Ifcxcellent  botanist  of  that  place,  and  mineralogy  and  geology 
Nbr  Prof.  Silliman 

gh  the  autumn  of  1831,  Gray  became  Instructor  in  chemis- 
%  mineralogy  and  botany  at  "  Bartlett's  High  School "  in 
lea.  The  scientific  department  of  the  school  had  been  under 
I  charge  of  a  graduate  of  Eaton's  "  Rensselaer  School,"  at 
Oj — the  earliest  school  of  science  in  America — and  Professor 
ton's  practical  methods  of  instruction  in  chemistry,  min- 
iogy  and  botany  were  there  followed.  Great  was  the  de- 
bt of  the  boys  in  botanical  and  mineralogical  excursions 
th  Mr.  Fay  Egerton,  and  their  pleasure,  too,  in  the  lec- 
«e  on  chemistry.  In  1830,  the  writer  left  the  Utica  High 
bool  for  Yale  College ;  and  a  year  later,  Mr.  Egerton  hav- 
f  resigned  on  account  of  his  health,  Gray  took  his  place. 
B  had  then  no  acquaintance  and  knew  nothing  of  one  an- 
iens interest  in  minerals  and  plants.  My  minerals  and 
rbarium  went  with  me  to  New  Haven;  and  while  I  was 
ne  Gray  was  mineralizing  as  well  as  botanizing,  during 
\  vacations,  in  New  Jersey  and  western  and  northern  New 
»k.  His  first  published  paper  is  mineralogical — an  ac- 
lnt  of  his  discoveries  (along  with  Dr.  J.  B.  Crawe)  of  new 
neral  localities  in  northern  New  York.  It  is  contained  in 
>  twenty-fifth  volume  of  this  Journal,*  and  the  title  gives 
as  his  place  of  residence.      He  had  previously  made 


Page  346.  The  article  is  in  the  second  number  of  the  volume,  which  was 
id  January  1st,  and  is  without  date;  the  one  following  it  is  dated  Sept.  6, 
U  The  paper  therefore  was  probably  written  in  the  autumn  of  1833,  after  a 
net's  excursion. 
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excursions  after  plants,  fossils  and  minerals  in  New  Jen 
and  in  1834,  joined  Dr.  Torrey  in  botanizing,  besides  coll 
ing  for  hiin  in  the  "  pine  barrens  "  of  New  Jersey  and  ot 
places. 

In  the  autumn  of  1834,  Gray  accepted  the  position  of  asi 
ant  to  Dr.  Torrey  in  the  chemical  laboratory  of  the  Med 
School  of  New  York.  Botany  was  at  first  his  study  un 
Dr.  Torrey,  but  soon  his  work  with  Dr.  Torrey ;  and  1 
commenced  their  long-united  labors  and  publications.  Fi 
the  first  he  showed  himself  an  adept  in  his  methods  of 
vestigation  and  in  his  terse  and  mature  style  of  scientific 
scription.  During  the  year  1834,  while  Torrey  was  prepai 
his  monograph  on  the  North  American  sedges,  the  Cyperac 
Gray  had  in  hand  an  illustrated  memoir  on  the  genus  Rh 
ehospora,  in  which  he  doubled  the  number  of  known  No 
American  species  ;  and  another  also  on  "  New,  rare,  and  otl 
wise  interesting  plants  of  northern  and  western  New  Tor 
Both  papers  were  read  before  the  Lyceum  of  Natural  Hist 
of  New  York  in  December  of  that  year  (1834),  and  are  p 
lished  in  volume  iii  of  the  Annals  of  the  Lyceum.  Dr.  1 
rey's  monograph  was  read  on  the  8th  of  August,  1836 ;  s 
in  it  he  says  that  the  part  on  the  genera  Rhynchospora  '< 
Oeratoschoenus  was  prepared  by  Dr.  Gray,  and  that  his 
scriptions  are  so  full  that  he  gives  only  his  list  of 
species  with  such  alterations  as  he  has  thought  it  advisa 
to  make,  and  some  additional  matter  received  since  the  p 
lication  of  his  paper.  During  1834,  1835,  two  volumes  o 
work  on  North  American  Graininese  and  Cyperacese  w 
issued  by  him,  each  containing  a  hundred  species,  and  il 
trated  by  dried  specimens — now  rare  volumes,  as  only  a  su 
edition  was  published  through  private  subscription.  The  i 
of  these  volumes,  issued  in  February,  1834,  only  three  yc 
after  his  graduation  at  the  Fairfield  Medical  School,  is  d< 
cated  to  his  instructor  and  friend,  Dr.  James  Hadley.  1 
preface  acknowledges  his  indebtedness  to  Dr.  Torrey  anc 
Dr.  Henry  P.  Sartwell  of  Penn-Yan.  Of  the  species  descri 
as  new  in  the  work,  the  first  one,  No.  20,  from  specira 
collected  bv  Dr.  Sartwell,  turned  out  to  be  NuttaPs  Cal<i> 
grostis  conjinis.     But  the  next  one,  No.  28,  Panicum  xan 


Asa  Gray.  185 

physum,  from  the  vicinity  of  Oneida  Lake,  stands,  and  is  the 
first  of  the  thousands  of  good  Asa-Gray  species.  Thus  Gray's 
botanical  investigations  were  well  begun  before  his  twenty- 
fifth  year  had  passed. 

In  February  or  March  of  1835  he  gave  his  last  instruction  at  the 
UticaHigh  School.  He  expected  to  continue  as  Dr.  Torrey's  as- 
sistant the  following  season ;  but  "  the  prospects  of  the  Medical 
School  were  so  poor  that  Dr.  Torrey  could  not  afford  to  employ 
him."  He  nevertheless  returned  to  New  York  in  the  autumn, 
took  the  position  of  curator  and  librarian  of  the  Lyceum  of  Natu- 
ral History,  and  continued  his  botanical  investigations.  During 
the  summer  he  had  begun  the  preparation  of  his  "  Elements  of 
Botany,"  and  in  the  course  of  1836  the  work  appeared.  It 
showed  the  scholar  in  its  science  and  in  its  style.  The  subjects 
of  vegetable  structure,  physiology  and  classification  were  pre- 
sented in  a  masterly  manner,  though  within  a  small  compass. 
The  book,  moreover,  showed  his  customary  independence  of 
judgment  and  clear  head  in  various  criticisms  and  suggestions — 
later  investigations  sustaining  them,  much  to  his  gratification. 

The  Wilkes  Exploring  Expedition  came  near  making  a  pro- 
found impression  on  Gray's  life.  In  the  summer  of  1836  the 
position  of  Botanist  in  the  expedition  was  offered  him,  and 
accepted.  But  delays  occurred  in  the  time  of  sailing,  and 
changes  were  threatened  that  threw  uncertainties  over  the 
cruise,  and  for  these  reasons,  and  on  account  of  the  work  on 
the  North  American  Flora,  of  which,  by  invitation  of  Dr. 
Torrey,  he  was  to  be  joint  author,  his  resignation  was  sent  in 
the  following  year.  The  expedition  changed  its  commander 
from  Commodore  Patterson  over  a  ship  of  the  line,  to  Lieuten- 
ant Charles  Wilkes  with  a  squadron  of  two  sloops  of  war  (bet- 
ter adapted  for  the  purpose),  besides  other  vessels,  six  in  all,  and 
sailed  in  August,  1838.  The  four  years  abroad  would  have 
given  him  an  opportunity  for  observations  and  discoveries  that 
Would  have  rejoiced  him — excursions  in  Madeira,  the  Canaries, 
to  the  Organ  Mountains  in  Brazil,  a  brief  look  about  Orange 
Bay  near  Cape  Horn,  excursions  to  the  Andes  of  Chili  and 
about  lower  Peru,  over  Oregon  and  Washington  territory,  and 
parts  of  California,  through  numerous  island  groups  of  the 
iouth  and  North  Pacific,  in  Australia  and  New  Zealand,  about 
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Luzon  in  the  Philippines,  at  Singapore,  at  Cape  of  Good  Hope 
and  St.  Helena — and  his  open  mind  would  have  gathered  in 
facts  on  the  relations  and  geographical  distribution  of  species 
that  would  have  been  to  him  a  mine  of  wealth  as  science  ad- 
vanced under  Darwin's  lead.  The  place  of  botanist  in  the 
expedition  was  well  occupied  by  the  most  excellent,  indefati- 
gable and  many-sided  zoologist,  Dr.  Charles  Pickering,  and  by 
Mr.  Wm.  D.  Breckenridge,  a  Scotch  gardener  and  zealous  col- 
lector, and  Mr.  Wm.  Rich ;  but  with  Dr.  Gray,  devoted  to  the 
one  subject,  great  results  would  have  been  accomplished.  North 
American  botany,  however,  would  no  doubt  have  suffered. 

By  October  of  1838,  a  couple  of  months  after  the  sailing  of 
the  Exploring  Expedition,  two  parts  of  the  projected  "Flora" 
were  already  out.  But  so  many  doubtful  points  had*  been 
brought  to  light,  that  a  study  of  foreign  herbaria  had  become 
imperative.  Dr.  Gray  had  accepted,  during  the  summer,  the 
chair  of  botany  in  the  recently  founded  University  of  Michigan, 
but  with  the  condition  that  he  should  have  a  year  abroad  for 
study ;  and  the  year  was  given  to  this  object  All  the  herbaria 
of  Europe  were  carefully  examined  with  regard  to  the  type- 
specimens  of  American  plants,  and  full  notes  taken  for  use  in 
the  discrimination  and  identification  of  species.  The  fortieth 
volume  of  this  Journal  (April,  1841)  opens  with  a  highly  in- 
teresting paper  by  him,  giving  accounts  of  these  herbaria,  their 
contributors,  condition,  and  special  characters,  commencing  with 
that  of  Linnaeus  and  the  story  of  its  career  before  reaching  the 
Linnean  Society  of  London.  His  labors  abroad  involved  an 
immense  amount  of  detailed  and  exact  observation,  requiring 
thorough  knowledge,  excellent  judgment,  and  a  retentive  mem- 
ory ;  and  he  came  home  well  stored  for  the  work  which  he  and 
'Torrey  had  in  hand. 

Moreover,  he  made  during  the  trip  the  personal  acquaintance 
of  the  leading  botanists  of  England  and  the  Continent,  and  had 
from  all  a  cordial  reception. 

uIn  Glasgow  he  made  the  acquaintance  of  William  Jackson 
Hooker,  the  founder  of  the  greatest  of  all  herbaria,  the  author 
of  many  works  upon  botany,  who  had  already  published  a  large 
part  of  his  u  Flora  Boreali- Americana, "  in  which  were  described 
the  plants  of  British  North  America,  a  work  just  then  of  special 
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merest  to  the  young  American,  because  it  first  systematically 
splayed  the  discoveries  of  David  Douglas,  of  Drummond, 
ichardson,  and  other  English  travelers  in  North  America, 
t  Glasgow,  too,  was  laid  the  foundation  for  his  lifelong  friend- 
ip  with  the  younger  Hooker,  then  a  medical  student  seven 
aare  his  junior,  but  destined  to  become  the  explorer  of  New 
ealand  and  Antarctic  floras,  the  intrepid  Himalaya  traveler, 
tie  associate  of  George  Bentham  in  the  authorship  of  the 
1  Genera  Plantarum,"  a  president  of  the  Royal  Society,  and,  like 
lis  father,  the  director  of  the  Royal  Gardens  at  Kew.  At 
Edinburgh  he  saw  Greville,  the  famous  cryptogamist ;  while  in 
jondon,  Francis  Boott,  an  American  long  resident  in  England, 
he  author  of  the  classical  history  of  the  genus  "  Carex,"  and  at 
hat  time  Secretary  of  the  Linnean  Society,  opened  to  hijn  every 
K>tanical  door.  Here  he  saw  Robert  Brown,  then  the  chief 
)otanical  figure  in  Europe,  with  the  exception,  perhaps,  of  De 
3andoUe;  and  Menzies,  who  fifty  years  before  had  sailed  as 
laturalist  with  Vancouver  on  his  great  voyage  of  discovery ; 
aid  Lambert,  the  author  of  the  sumptuous  history  of  the  genus 
'Pinus, "  in  whose  hospitable  dining-room  were  stored  the  plants 
ipon  which  Pursh  had  based  his  North  American  Flora.  Here, 
oo,  he  met  Bentham  and  Lindley  and  Bauer,  and  all  the  other 
workers  in  his  scientific  field. 

"A  visit  to  Paris  brought  him  the  acquaintance  of  the  group 
)f  distinguished  botanists  then  living  at  the  French  capital :  P. 
Barker  Webb,  a  writer  upon  the  botany  of  the  Canaries ;  the 
Baron  Delessert,  Achille  Richard,  whose  father  had  written  the 
Flora  of  Michaux ;  Mirbel,  already  old,  but  still  actively  engaged 
in  investigations  upon  vegetable  anatomy;  Spach;  Decaisne,  then 
*  young  aide  naturaUste  at  the  Jardin  des  Plantes,  of  which  he 
*a8  afterward  to  become  the  distinguished  Director ;  Auguste 
St.  Hilaire,  the  naturalist  of  the  Duke  of  Luxembourg's  expe- 
dition to  Brazil,  and  at  that  time  in  the  full  enjoyment  of  a 
peat  reputation  earned  by  his  works  upon  the  Brazilian  flora ; 
Jacques  Gay;  Gaudichaud,  the  naturalist  of  the  voyage  of 
L'Uranie  and  La  Physicienne ;  the  young  Swiss  botanist,  Ed- 
oond  Boissier,  the  Spanish  traveler,  and,  later,  one  of  the  most 
nportant  contributors  to  systematic  botany  in  his  classical "  Flora 
►rientalis ;"  Adrien  de  Jussieu,  grand-nephew  of  Bernard,  and 


188  Am  Gray. 

son  of  Laurent  de  Jussieu,  himself  a  worthy  and  distinguished 
representative  of  a  family  unequalled  in  botanical  fame  and 
accomplishment. 

"  At  Montpellier,  Dr.  Gray  passed  several  days  with  the  bot- 
anists Delile  and  Dunal,  and  then  hurried  on  to  Italy,  where  at 
Padua,' in  the  most  ancient  botanical  garden  in  Europe,  he  made 
the  acquaintance  of  Visiani,  at  that  time  one  of  the  principal 
botanists  in  Italy.    At  Vienna  he  saw  the  learned  Endlicher,  the 
author  of  a  classical  u  Genera  Plantarum ; "  and  at  Munich,  Von 
Martins,  the  renowned  Brazilian  traveler,  the  historian  of  the 
palms,  and  the  earliest  contributor  to  that  stupendous  work,  the 
"  Flora  Brasiliensis, "  which  bears  his  name ;  and  here,  too,  was 
Zuccarini,  the  collaborator  with  Von  Siebold  in  the  "Flora 
Japonica. "     Geneva  tlien,  as  at  the  present  time,  was  a  center 
of  scientific  activity ;  and  there  he  made  the  personal  acquaint 
ance  of  the  De  Candolles,  father  and  son,  and  worked  in  their 
unrivalled  herbarium  and  library.     He  saw  Schlechtendal  at 
Halle ;  and  at  Berlin,  Klotzsch,  Kunth,  and  Ehrenberg, — famil- 
iar names  in  the  annals  of  botanical  science.    Alphonse  De  Can- 
dolle  and  Sir  Joseph  Hooker  alone  are  left  of  the  brilliant  group 
of  distinguished  naturalists  who  cordially  welcomed  the  young 
American  botanist  in  1839."* 

Dr.  Gray  also,  while  abroad,  performed  a  great  service  for 
the  University  of  Michigan,  in  superintending  the  selection  of 
works  for  the  nucleus  of  its  library ;  and  the  University  showed 
its  appreciation  of  his  judgment,  and  of  the  benefit  to  the  in- 
stitution, by  honoring  him,  and  itself,  at  its  semi-centennial 
celebration  the  past  summer,  by  conferring  on  him  the  degree 
of  Doctor  of  Laws. 

Again  at  home,  and  now  well  equipped  for  conquering  diffi- 
culties about  American  species,  he  went  at  the  Flora  with  new 
vigor.  The  first  volume  was  completed  by  Torrey  and  Gray 
in  1840,  and  the  second  in  February,  1843.  In  the  interval 
between  these  dates,  during  the  summer  of  1841,  Gray  spent 
five  to  six  weeks  in  a  botanical  excursion  through  the  Valley  of 
Virginia  to  the  summits  of  the  high  mountains  of  North  Caro- 
lina. A  letter  about  the  trip,  addressed  to  Sir  William  J. 
Hooker,  published  in  this  Journal  in  1842,  first  gives  an  account 

*  From  a  sketch  of  Dr.  Gray  by  Prof.  C.  S.  Sargent. 
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of  the  excursions  into  these  regions  by  his  predecessors,  Bartram, 
Michaux,  and  John  Fraser,  of  the  last  century,  and  John  Lyon, 
Michaux  the  younger,  Pursh,  Nuttall,  Curtis  and  others,  of  this, 
mentioning  their  discoveries,  with  critical  remarks  on  the  species 
they  observed  and  on  their  distribution ;  and  then  he  describes 
his  own  journey,  adding  notes  on  the  plants  met  with  by  the 
way  and  in  the  mountains,  commencing  his  observations  at 
Harper's  Ferry.  His  journey  among  the  North  Carolina  Moun- 
tains included  the  ascent  of  the  "  Grandfather,"  5897  feet  in  ele- 
vation, and  the  Roan  Mountain,  6306  feet.  This  is  one  among 
a  number  of  such  excursions. 

Another  labor  of  this  period  was  the  revision  of  his  "  Elements 
of  Botany,*  which,  without  much  change  of  general  method, 
he  made  a  far  more  comprehensive  and  thorough  treatise,  and 
in  1842  issued,  under  the  title  of  the  "  Botanical  Text-book." 
Since  then  successive  editions  have  appeared  with  large  ad- 
vances, as  the  science  required.  By  the  fifth  edition,  that  of 
1879,  the  subject  had  so  expanded  that  it  was  divided,  and  the 
work  made  to  include  only  Structural  Botany,  covering  Mor- 
phology, Taxonomy  and  Phytography,  leaving  Physiological 
and  Cryptogaraic  botany  to  other  hands.  The  second  volume, 
an  exposition  of  Physiological  Botany,  appeared  in  1885,  from 
the  pen  of  his  colleague,  Prof.  G.  L.  Goodale.  A  third  vol- 
ume on  Cryptogamic  Botany  is  promised  by  another  colleague, 
Prof.  W.  G.  Farlow. 

Gray  never  entered  on  duty  at  the  Michigan  University, 
it  being  impossible  for  him  to  carry  on  his  publications  so  far 
away  from  the  New  York  herbaria  and  botanical  libraries.  In 
1842,  he  was  invited  by  the  Fellows  of  Harvard  College  to  the 
Fisher  Professorship  of  Natural  History,  recently  founded  on  a 
bequest  of  Dr.  Joshua  Fisher.  The  duties  of  the  professorship 
included  the  delivery  of  a  course  of  lectures  on  Botany,  and 
the  direction  of  the  small  botanic  garden  which  had  been  estab- 
lished in  Cambridge  in  1805,  under  the  auspices  and  with  the 
assistance  of  the  Massachusetts  Society  for  promoting  Agricul- 
ture. Thomas  Nuttall  had  charge  of  the  garden  from  1822  to 
1828,  and  after  that  it  was  without  a  head  until  the  appoint- 
ment of  Dr.  Gray.  The  garden  was  still  poor  in  funds,  and 
had  not  even  an   herbarium    to   aid    Gray   in   his   botanical 
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studies.  Bat  he  entered  on  the  duties  with  zeal,  conducted  the 
required  lectures  in  the  most  lucid  and  attractive  manner,  freely 
gave  the  use  of  his  study  to  such  students  as  wished  to  learn 
more  of  the  science  than  they  could  acquire  from  the  lectures, 
and  gathered  a  vast  herbarium.  And  all  the  time  he  carried 
on  an  enormous  correspondence  with  promptness,  and  answered 
all  social  demands  with  unfailing  courtesy,  besides  continuing 
his  botanical  investigations  and  writing  books  and  memoirs. 
These  duties  continued  until  1872,  when  he  was  relieved  from 
that  of  teaching  and  the  charge  of  the  garden.  In  1864,  he 
made  the  offer  to  Harvard  College  of  the  herbarium  and  library 
which  he  had  gathered,  already  very  large,  on  the  condition  of 
their  erecting  a  fire-proof  building  to  contain  them,  which  was 
accepted. 

Botanical  work  was  always  in  progress  in  some  form.    One 
of  the  very  valuable  parts  of  it  consisted  in  his  contributions  to 
this  Journal — which  were  continued,  with  scarcely  any  inter- 
ruption, for  the  love  of  the  science  and  of  the  men  engaged  in 
it.     Every  important  work  as  it  was  issued  was  here  noticed, 
with  often  critical  remarks,  or  additional  facts  and  illustrations, 
or  modifications  of  opinions,  that  gave   them  great   scientific 
value.     And  not  the  least  instructive  and  attractive  part  were 
the  biographical  sketches  of  deceased  botanists,  European  as 
well  as  American ;  for  to  him  the  world  was  all  one,  and  all 
botanists  were  akin.     He  was  sure  to  criticise  what  he  believed 
to  be  wrong ;  but  it  was  done  so  fairly,  with  so  evident  a  desire 
for  scientific  accuracy,  and  in  so  kind  a  spirit,  that  offense  was 
rarely  given.     A  botanist  of  eminence  says  that  "these  notices 
form  the  best  history  of  the  botanical  literature  of  the  last  fifty 
years,  and  of  the  progress  and  development  of  botanical  science, 
that  has  been  written." 

The  fortieth  volume  of  this  Journal  (1841)  contains  an  ad- 
mirable example  of  his  kindly  method  of  reviewing  an  author 
that  has  faults,  and  of  his  critical  study  among  great  difficulties. 
It  is  a  review  of  the  botanical  writings  of  Rafinesque,  that 
enthusiastic  naturalist,  poet,  etc.,  with  reference,  not  to  his 
faults,  but  to  the  value  to  be  attached  to  his  numerous  genera 
and  species  and  their  recognition  in  American  Botany. 
Throughout,  there  is  a  full  appreciation  of  Rafinesque's  saga- 
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jity  in  many  of  his  discriminations,  a  fair  presentation  of  his 
scientific  claims,  of  his  love  of  nature  and  greater  love  of  self* 
svithout  a  harsh  word  for  his.  errors  or  egotism ;  and  only  a 
siting  of  a  sentence  here  and  there,  or  a  fact,  that  enables  Ra- 
finesque  to  make  his  own  presentations  as  to  his  species  and 
genera,  with  a  bare  mention  of  his  "twelve  new  species  of 
thunder  and  lightning." 

The  publication  of  the  second  volume  of  the  "  Flora,"  in 
L843,  ended  that  work.  The  territory  of  the  United  States 
afterward  took  larger  dimensions,  and  new  fields  were  to  be 
jxplored  before  a  complete  "Flora"  could  be  published.  Tor- 
rey  was  engaged  on  these  studies  until  his  death  in  1873 ;  and 
Gray  also  was  publishing  memoirs  that  were  contributions  to 
the  subject  Gray's  various  memoirs  include :  descriptions  of 
the  collections  made  by  Lindheimer,  in  western  Texas  (1843-48); 
by  Fendler,  in  New  Mexico  (1846-7);  by  Wright,  near  the 
boundary  of  Texas  and  Mexico  (1849  and  1851-2);  by  Thur- 
ber,  along  the  United  States  and  Mexican  boundary  (1851-2); 
the  Botany  of  various  Government  surveys,  and  other  Gov- 
ernment reports,  and  a  portion  of  the  Botany  of  California. 
Other  papers  are  distributed  through  the  publications  of 
learned  societies,  especially  the  American  Academy  of  Arts  and 
Sciences  of  Boston,  which  contains  hundreds  of  pages  of  them, 
the  Proceedings  of  the  Philadelphia  and  California  Academies, 
the  Boston  Society  of  Natural  History,  the  Linnean  Society  of 
London,  etc. 

Further,  the  plants  of  the  Wilkes  Exploring  Expedition,  ex- 
clusive of  the  ferns  and  those  from  western  North  America, 
were  early  sent  to  him  for  description;  and  in  1854  appeared 
Iris  Report,  in  quarto,  accompanied  by  a  folio  atlas,  containing 
a  hundred  plates. 

Gray  was  three  times  over  the  Rocky  Mountain  region  to 
:he  Pacific  Coast  On  the  second  trip  he  was  accompanied  by 
Sir  Joseph  Hooker ;  and  an  important  paper  on  the  "  Vegeta- 
:ion  of  the  Rocky  Mountain  Region"  by  them  is  published  in 
he  Reports  of  the  Hayden  Geological  Survey  for  1878.  He 
vae  in  Europe  again  in  the  years  1850-51.  A  note  from  Mrs. 
3roy  says :  "  He  went  abroad  especially  for  the  plants  of  the 
Wilkes  Expedition.     After  traveling  in  Switzerland  (going  up 
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the  Rhinq  to  Geneva,  where  he  worked  awhile  in  DeCandolle's 
herbarium),  we  went   to  Munich  and  saw  Martins,  and  then 
back  to  England  by  Holland.     On  the  first  of  October  we  went 
into  Herefordshire  to  the  country  place  of  George  Bentham, 
and  spent  two  months  there,  Mr.  Bentham  going  over  with  Dr. 
Gray  the  collection  which  had  been  sent  out  from  America,  a 
most  generous  piece  of  work."     It  was  at  this  time,  while  at 
the  Kew  Gardens,  near  London,  that  he  had  the  passing  intro- 
duction to  Darwin,  alluded  to  in  Darwin's  first  letter  to  him.* 
In  1868,  he  crossed  the  ocean  the  fourth  time,  going  in  Sep- 
tember and  returning  in  November  of  the  following  year.    He 
was  hard  at  work  over  herbaria  at  Kew  during  both  autumns; 
and  worked  also  in  Paris,  Munich,  Geneva,  and  elsewhere,  but 
with  more  holiday  than  in  any  journey  he  took  except  the  last. 
In  this  visit  he  was  twice  with  Darwin,  first  in  the  autumn  of 
1868,  and  then  in  October,  1869. 

After  forty  years  of  studying  and  discriminating  among  the 
older  species  of  the  continent  and  their  representatives  abroad, 
and  of  describing  species  from  late  discoveries,  and  of  work 
at  classification,  with  experimental  work  at  Flora-making  during 
the  years  1838  to  1843,  he  was  finally  ready,  in  1878,  with  the 
first  part  of  a  new  North  American  "  Flora,"  to  which  he 
gave  the  name  of  "Synoptical  Flora  of  North  America." 
This  first  part  contained  the  Garaopetalse  after  the  Composite. 
A  second  part  wa6  published  in  1884,  comprising  the  Caprifol- 
iacese  to  the  Composite  inclusive,  or  the  ground  of  the  second 
volume  of  Torrey  and  Gray's  Flora;  so  that  the  middle  half  of  the 
entire  Flora  is  now  completed.  The  two  parts  cover  974 closely 
printed  pages.  "  They  are  masterpieces  of  clear  and  concise 
arrangement,  and  of  compactness  and  beauty  of  method,  and 
display  great  learning  and  analytical  power."  The  progress  of 
the  science  since  the  time  of  Michaux  is  well  exhibited  in  the 
fact  that  while  this  author  knew  J  93  species  of  Composite 
when  he  published  his  Flora,  Gray,  seventy-five  years  later, 
describes  no  less  than  1636  species  under  239  genera. 

During  these  years,  Dr.  Gray  added  to  the  resources  of  the 
instructor  in  Botany  by  the  publication  of  his  "  Manual,"  a 

*  Darwin's  Life  and  Letters,  p.  420. 
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iriptive  work  including  all  species  growing  east  of  the  Mis- 
ppi  and  north  of  Tennessee  and  North  Carolina.     It  was 

issued  in  1848,  and  its  fifth  and  last  edition  in  1868.  The 
ementary  Lessons  in  Botany  and  Vegetable  Physiology," 
,  was  published  first  in  1868,  as  an  accompaniment  to  the 
mal,  and  has  had  its  five  editions  at  nearly  the  same  dates. 
\  first  volume  of  another  companion  work  to  the  Manual 

issued  in  1848 — his  "Genera  Illustrata,"  containing  de- 
ptions  of  the  genera  of  the  United  States  Flora,  with  illus- 
ions of  great  beauty  by  I.  Sprague  ;  and  in  1849  a  second 
one  was  published,  carrying  the  works  nearly  to  the  Leg- 
nosse;  and  here  it  stopped,  on  account,  mainly,  of  the 
ense.  His  "  Field,  Forest  and  Garden  Botany,"  a "  useful 
i  for  schools,  came  out  in  1868 ;  and  the  charming  smaller 
imes  "  How  Plants  Grow,"  and  "  How  Plants  Behave,"  re- 
stively in  1858  and  1875.  The  latter  was  prompted  by 
win's  works  on  Insectivorous  Plants,  the  Orchids,  and 
lorphism,  and  both  are  well  adapted  to  the  young  student 

all  uninitiated  readers.* 

►esides  the  subjects  of  Gray's  investigations  already  men- 
ed,  two  others  of  a  wider  philosophical  character  interested 

deeply :  one,  in  which  he  was  pioneer,  the  other,  the  Origin 
Species,  after  Darwin. 

he  first  of  these  subjects  was  the  Geographical  Distribution 
*lant8,  and  particularly  the  species  of  the  Northern  United 
;es  both  within  and  beyond  the  bounds  of  the  continent,  and 
bearings  of  the  facts  on  variation  and  origin. 
[is  first  paper  on  the  subject  is  contained  in  volumes  xxii 

xxiii  of  this  Journal,  the  numbers  for  September,  1856, 

January  and  May,  1857.  It  was  written  partly  in  compli- 
3  with  the  request  of  "  an  esteemed  correspondent "  for  a 

of  American  alpine  plants,  who,  as  now  appears,  was  Dar- 
.  Darwin's  Life  contains,  on  page  420,  the  letter,  and  shows 
;  its  date  was  April  25,  1855 ;  and,  also,  a  second  letter  of 
e  8, 1855,  which  opens  thus :  "  I  thank  you  cordially  for  your 
arkably  kind  letter  of  the  22d  ult.,  and  for  the  extremely 
isant  and  obliging  manner  in  which  you  have  taken  my 

1  list  of  Dr.  Gray's  publications  will  be  given  in  another  number  of  this 
nal. 
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rather  troublesome  questions.  I  can  hardly  tell  yon  how  much 
your  list  of  alpine  plants  has  interested  me."  And  then  Darwin 
puts  more  questions  to  his  genial  correspondent. 

The  long  paper,  modestly  entitled  "  Statistics  of  the  Flora  of 
the  United  States,"  contains  numerous  tables,  comparing  as  re- 
gards plants  the  Northern  United  States  with  Europe  on  one 
side,  and  Asia  and  Japan  on  the  other ;  the  eastern  part  of  the 
country  with  the  western,  and  with  the  adjoining  continents  in 
the  north-temperate  zone ;  the  plants  of  alpine  and  subalpine 
regions  in  the  Northern  United  States,  and  their  distribution 
southward,  and  eastward  and  westward  over  the  other  continents ; 
the  distribution  of  species  common  to  this  country  and  Europe, 
as  to  size  of  orders  and  genera ;  also,  as  regards  related  and 
representative  species,  and  the  same  for  Eastern  and  Western 
America ;  lists  of  species  of  widely  sundered  habitation ;  with 
numerous  other  points,  and  abundant  explanatory  remarks ;  mak- 
ing thus  a  thorough  philosophical  digest  of  the  subject  of  geo- 
graphical distribution,  having  all  the  completeness  as  respects 
the  northern  United  States  that  the  existing  state  of  the  science 
admitted  of.     He  closes  with  a  general  review  of  the  character- 
istics of  the  North  American  flora. 

In  the  course  of  the  pages,  he  advocates  the  idea  of  a  single 
area  of  origin  for  a  species,  with  dispersion  at  an  epoch  more  or 
less  ancient,  to  account  for  distribution ;  sustains  Darwin's 
"surmise"  as  to  the  species  of  large  genera  having  a  greater 
geographical  area  than  those  of  small  genera  ;  observes  that  a 
lartre  percentage  of  the  extra-European  types  of  Eastern  Amer- 
ica are  shared  with  Eastern  Asia ;  and  finds,  "  that  curiously 
enough,  eleven,  or  one-third  of  our  strictly  alpine  species  com- 
mon to  Europe — all  but  one  of  them  arctic  in  the  Old  World 

are  not  known  to   cross  the  Arctic  circle  on  this  continent: 

so  that  it  seems  almost  certain  that  the  interchange  of  alpine 
species  between  us  and  Europe  must  have  taken  place  in  the 
direction  of  Newfoundland,  Labrador  and  Greenland,  rather 
than  through  the  polar  regions  "  (xxiii,  73). 

Two  vears  later,  in  1859,  Dr.  Gray  had  studied  a  collection 
of  plants  from  Japan  (alluded  to  in  the  former  paper,  xxiii, 
•MHK  as  in  hand),  which  had  been  collected  by  Mr.  Charles 
Wrijjht ;  and  his  memoir  on  the  subject,  read  that  year  before 
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American  Academy  of  Arts  and  Sciences,  closes  with  a 
1  to  the  subject  of  Geographical  Distribution,  bringing 
inclusions  of  still  higher  interest.     He  starts  off  with  the 

new  announcement  and  its  evidence,  that  among  the 
s  of  Japan,  more  species  are  represented  in  Europe 
over  the  nearer  land,  western  North  America ;  more  in 
rn  North  America  than  in  either  of  the  other  two  regions ; 
dds,  that  hence,  there  has  been  a  peculiar  intermingling  of 
astern  American  and  eastern  Asia  floras,  which  demands  ex- 
.tion.  The  explanation  he  finds  in  the  idea  of  migrations 
d  from  the  arctic  regions,  determined  in  part,  at  least,  by 
ilimate  of  the  preglacial,  glacial  and  postglacial  eras  ;  and 
the  alpine  plants  of  the  summits  of  the  White  Mountains, 
ondacks,  Black  Mountains  and  Alleghanies,  are  species  left 
le  retreating  glacier. 

•.  Gray  returned  to  this  subject  in  his  presidential  address, 
>72,  before  the  American  Association  for  the  Advancement 
cience,*  and,  owing  to  the  progress  that  had  been  made  in 
>aleontology  of  the  continent,  the  arctic  portion  as  well  as 
nore  southern,  and  developments  elsewhere  also,  he  was 
led  to  trace  out  the  courses  of  the  migrations  of  plants,  the 
loias  or  Redwoods  and  many  other  kinds,  by  positive  facts 

regard  to  the  arctic  and  more  southern  floras ;  and  showed 
the  distribution  southward  into  the  western  United  States, 
eastern  Europe  or  western  Eurasia,  and  into  Japan  and  Asia 
istern  Eurasia,  was  not  only  dependent,  as  he  had  before  put 
i,  on  change  in  continental  climates,  but  also  that  the  par- 
ar  direction  southward  was  determined  to  a  large  extent 
tness  of  climate  as  to  heat  and  dryness.  The  surprising 
lations  are  now  so  generally  known  that  this  brief  reference 
lem  is  all  that  is  here  needed. 

ray's  comprehensive  knowledge  of  the  plants  of  the  world, 
heir  distribution,  and  specifically  of  the  relations  of  North 
irican  species,  genera  and  orders  to  those  of  the  other  con- 
its,  and  the  precision  of  his  knowledge,  enabled  him  to  be 
uch  service  to  Darwin  in  the  preparation  of  the  first  edi- 
of  the  Origin  of  Species,  and  afterward,  also,  in  the  elab- 

•  This  Journal,  III,  iv,  282,  1872. 
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oration  of  Darwin's  other  publications.  His  mind  was  not 
very  strongly  bound  to  opinions  about  species,  partly  because 
of  his  natural  openness  to  facts,  his  conclusions  seeming  always 
to  have  only  a  reasonable  prominence  in  his  philosophical 
mind,  rarely  enough  to  exclude  the  free  entrance  of  the  new, 
whatever  the  source,  and  to  a  considerable  extent  from  the 
difficulties  he  had  experienced  in  defining  species  and  genera 
amidst  the  wide  diversities  and  approximate  Mendings  which 
variation  had  introduced. 

Darwin  first  mentioned  to  Gray  his  view  that  u  species  arise 
like  varieties,  with  much  extinction,"  in  a  letter  to  Gray  oi 
July  20th,  1856.*     At  this  time  all  men  of  science  with  a  rare 
exception   believed   in   the    permanence  of    species.      J.  D. 
Hooker's  Flora  Indica  of  1855  u  assumes  that  species  are  dis- 
tinct creations."!     Prof.  Huxley,  in  his  history  of  the  recep- 
tion of  Darwinian  ideas,  says,  with  the  perfect  fairness  that 
always  has  characterized  him,  that  "  within  the  ranks  of  the 
biologists,  at  that  time  [1851-8],  I  met  with  nobody  [and  he 
here  includes  himself]  except  Dr.  Grant,  of  University  College, 
who  had  a  word  to  say  for  evolution ;  and  his  advocacy  was 
not  calculated  to  advance  the  cause.     Outside  of  these  ranks, 
the  only  person  known  to  me  whose  knowledge  and  capacity 
compelled  respect,  and  who  was,  at  the  same  time,  a  thorough — 
going  evolutionist,  was  Herbert  Spencer.     .     .     .     But  evei^ 
my  friend's  rare  dialectic  skill  and  copiousness  of  apt  illustra- 
tion could  not  drive  me  from  my  agnostic  position."     Lyell,  k  <^ 
shows,  was  leaning  that  way,  but  not  himself.     So  it  was  i 
1857,  and  in  1858  up  to  the  publication  of  Darwin's  and  Wa 
lace's  papers  of  that  year.J 

Gray  therefore  knew  of  Darwin's  views  before  the  biologists 
of  Britain,  unless  we  except  Lyell  and  J.  D.  Hooker.  Darwi  "^ 
acknowledged  Gray's  "remarkably  kind  letter"  on  the  5th  c~~* 
September,  1857,§  and  is  prompted  by  his  u  extraordinar — 
kindness,"  and,  evidently,  by  his  assurances,  that  he  had  no  obje  -^ 
tions  to  facts  from  any  source,  had  great  interest  in  the  £Ubj 
and  only  saw  some  "  grave  difficulties  "  against  his  doctrine, 

*  Darwin's  Life  and  Letters,  p.  437. 

f  Gray's  review,  this  Journal,  xxi,  135,  Jan.,  1856. 

X  Darwin's  Life  and  Letters,  chapter  xiv  of  vol.  i,  by  Prof.  Huxley. 

§  Ibid,  p.  477. 
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[plain  to  Dr.  Gray  with  detail,  under  six  heads,  the  prominent 
<jte  and  arguments  in  the  theory  of  "  Natural  Selection," 
hich  he  says  is  the  "  title  of  his  book."  This  letter  is  the 
*8t  exposition  that  Darwin  had  made  of  his  theory,  and  hence 
has  proved  to  have  great  documentary  value. 
A  letter  which  the  writer  received  from  Gray  in  the  inter- 
i  between  Darwin's  two  letters,  dated  December  13,  1856, 
ow8  well  the  state  of  his  mind  at  that  time.  He  says :  "  On 
e  subject  of  species,  their  nature,  distribution,  what  system  in 
atural  History  is,  etc.,  etc.,  certain  inferences  are  slowly  set- 
ng  themselves  in  my  mind  or  taking  shape ;  but,  on  some  of 
e  most  vexed  questions,  I  have  as  yet  no  opinion  whatever, 
id  no  very  strong  bias,  thanks  partly  to  the  fact  that  I  can 
ink  of  and  investigate  such  matters  only  now  and  then,  and 
a  very  desultory  way."* 

In  a  letter  of  a  year  later,  subsequent  in  date  to  Darwin's 
;ter,  Gray  wrote  me  with  reference  to  my  paper  on  u  Species  " 
ad  at  the  meeting  of  the  American  Association  in  August, 
57 — which  paper  may  be  taken,  perhaps,  as  a  culmination  of 
e  past,  just  as  the  new  future  was  to  make  its  appearance — 
inting  out  to  me  the  fatal  objection  to  my  argument. 
His  words  (dated  November  7th)  are  worth  quoting :  "  Tak- 
?  the  cue  of  species,  if  I  may  so  say,  from  the  inorganic,  you 
?elop  the  subject  to  great  advantage  for  your  view,  and  all 
a  say  must  have  great  weight  in  4  reasoning  from  the  gen- 
V  But  in  reasoning  from  inorganic  species  to  organic 
des,  and  in  making  it  tell  where  you  want  it,  and  for  what 
i  want  it  to  tell,  you  must  be  sure  that  you  are  using 
word  species  in  the  same  sense  in  the  two ;  that  the 
\  is  really  the  equivalent  of  the  other.  That  is  what 
im  not  yet  convinced  of;  and  so  to  me  the  argument 
nes  only  with  the  force  of  an  analogy,  whereas  I  sup- 
ie  you  want  it  to  come  as  demonstration.  Very  likely 
l  could  convince  me  that  there  is  no  fallacy  in  reason- 
;  from  the  one  to  the  other  to  the  extent  you  do.     But  all 

Gray  has  some  important  observations  on  the  bearing  of  hybridization  on 
iation,  in  a  review  of  Hooker's  Flora  Indica  in  the  number  of  this  Journal  for 
uary,  1856,  (xxi,  134). 

*•  Joor.  Sci.— Third  Series,  Vol.  XXXV,  No.  207.— March,  1888. 
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my  experience  makes  me  cautious  and  slow  about  building  too 
much  on  analogies;  and  until  I  see  further  and  clearer  I 
must  continue  to  think  there  is  an  essential  difference  between 
kind*  of  animal*  or  plants  and  kind*  of  matter. 

"  How  far  we  may  safely  reason  from  the  one  to  the  other  is 
the  question.  If  we  may  do  so  even  as  far  as  you  do,  might 
not  Agaasiz  (at  least  plausibly)  say  that  as  the  specie*  Iron  was 
created  in  a  vast  number  of  individuals  over  the  whole  earth, 
so  the  presumption  is  that  any  given  species  of  plants  or  ani- 
mals was  originated  in  as  many  individuals  as  there  are  now, 
and  over  as  wide  an  area;  the  human  species  under  as  great 
diversities  as  it  now  has,  barring  historical  intermixture;  thus 
reducing  the  question  between  you  to  insignificance?  because, 
then,  the  question  whether  men  are  of  one  or  of  several  specie? 
would  no  longer  be  a  question,  or  of  much  consequence.  You 
may  answer  him  from  another  starting  point,  no  doubt;  but  he 
may  still  insist  that  it  is  a  legitimate  carrying  out  of  your 
principle." 

In  the  same  letter  Gray  prophesies  as  follows, — from  actual 
knowledge,  it  now  appears:  "  You  may  be  sure  that  before 
long  there  must  bo  one  more  resurrection  of  the  devehpmrnt 
f/h  oty  in  a  new  form,  obviating  many  of  the  arguments  against 
it,  and  presenting  a  more  respectable  and  more  formidable  ap- 
pearance than  it  ever  has  before/' 

The  Origin  of  Species  was  out  in  November,  185*J.  Grav 
reeeixcd  an  early  com*  of  it  from  Darwin,  and  therefore  hi$ 
\er\  xaluable  re\iew  was  readv  for  this  Journal  earlv  in  I860.* 

With  ivgard    to  the  sufficiency   of   the   argument   brought 
lor  wan!   in    ParwinV  work.  Gray  says  that  "  To  account  upon 
ihe».e  prineiplo  for  the  gradual  elimination  and  segregation  of 
no;nl\  aViiod  fornix     -Mich  as  varieties,  sub-species  and  closely 
i  c  1  ai ed  o '.  iv p •. v>o v. ! ,-•  t :. \  o  >ynvie> — an d  a lso  for  their  geograph- 
u- \\  :\-.-.o,  \a\ -.on  a^d  ;*tv<cv.t    range,  is   comparativelv  easv,  i* 
:»pp:n»*e.:!\  w::V.iv.  :".-.e  ivuv.ds  *«f  jvissibility,  and  even  of  proba- 
ta» 1  o  \  "      \W.;  s* : ^: V. e  vr.v.s ■ : ev.  of  genera,  f am ilies,  orders  and 
«1»    »' ■     >xx    v..i-. -.;:•:, ".    >*-\v::or..    liray   simply   states    Darwin'* 
himiuum'..  o".  -.'.v  n'.;>w:,  :.::.:  >*-:r.c  objections  on  a  few  weak 

»  \  -. - \  vx ;  •  ^     • «  r;  ] . or    liis    own    vie ws.      ^  *e 


*  "     -s    -  '  ■   v     ■'  v.v        .    .    V   -,  ■    :  ..r..S:  -  to.,  xxix.  pp.  153  to  184. 
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$   with  some   remarks  on  the  religious  bearing  of 

that  ref ere  creation  to  natural  law  and  declares  rightly, 

dance  with  his  firm  faith  to  the  end,  that  "  Natural 

e  human  conception  of  continued  and  orderly  Divine 

in,  in  a  letter  to  Gray  written  during  the  following 
,  having  in  view  Gray's  article  in  this  Journal,  and 
discussion  of  his  published  in  the  Proceedings  of  the 
,n  Academy,  says,  "  I  declare  that  you  know  my  book 
is  I  do  myself,  and  bring  to  the  question  new  lines  of 
on  and  argument  in  a  manner  which  excites  my 
ment  and  almost  my  envy."  "As  Hooker  lately  said 
3  to  me,  you  are,  more  than  any  one  else,  the  thorough 
>f  the  subject." 

s  "  Darwiniana,"  published  in  1876,  is  composed  of  a 
of  his  essays  and  reviews,  from  this  Journal,  the  "  Na- 
d  the  u  Atlantic  Monthly,"  together  with  a  closing  chap- 
ten  for  the  volume,  entitled  "  Evolutionary  Teleology." 
t  chapter  brings  out  Gray's  adherence  to  the  doctrine 
ral  Selection,  and  also  his  divergence  from  true  Darwin- 
hese  divergences  are  thus  expressed : 
are  more  and  more  convinced  that  variation,  and  there- 
ground  of  adaptation,  is  not  a  product  of,  but  a 
i  to,  the  action  of  the  environment.  Variations,  in 
ords  the  differences  between  individual  plants  and 
however  originated,  are  evidently  not  from  without, 
m  within ;  not  physical,  but  physiological."  And 
re  he  has  said  that  the  variation  in  a  species  is  apt  to 
,c6  in  particular  directions  and  make  linear  ranges  of 
,  as  often  exemplified  among  plants ;  which  accords 
!  preceding  conclusion,  pp.  386. 

i,  speaking  of  the  forms  of  Orchids  and  their  connec- 
h,  and  relation  to,  insect  fertilization,  he  says :  "  We 
jlieve  that  these  exquisite  adaptations  have  come  to 
;he  course  of  nature,  and  under  Natural  Selection,  but 
t  Natural  Selection  alone  explains  or  in  a  just  sense 
3S  them.  Or,  rather,  if  this  term  is  to  stand  for 
t  cause  and  rational  explanation,  it  must  denote  or 
that  inscrutable  something  which  produces,  as  well  as 
ch  results  in  the  survival  of,  '  the  fittest,'  "  p.  388. 
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Both  of  these  doctrines  are  anti-Darwinian,  though  not  at 
variance  with  Natural  Selection.  They  take  away  what  has 
often  been  urged  against  Darwinism :  the  idea  that  the  envi- 
ronment under  natural  selection  dominates  in  the  determina- 
tion of  the  direction  of  variation,  and  hence  that  evolution 
comes  chiefly  through  external  conditions ;  and  substitutes  the 
idea  that  the  environment  works  under  organic  control  through 
Natural  Selection.  One  view  implies  that  the  environment  in- 
fluence is  superior  to  organic  law  in  the  process ;  the  other, 
that  organic  law  is  superior  to  the  environment.  Moreover, 
Gray's  last  sentence  expresses  the  opinion  that  Darwin's  Nat- 
ural Selection  cannot  produce  the  4fc  survival  of  the  fittest," 
though  "survival  of  the  fittest"  is  the  result  brought  about 
There  is  an  "inscrutable  something"  that  "produces."  The 
writer  would  go  a  little  farther  and  say  that  the  u  survival  of 
the  fittest,"  under  "  natural  selection,"  is  survival,  not  the 
j/roductum  of  "  the  fittest ;"  but  this  substitute  I  have  reason 
to  believe  that  (Tray  would  not  accept. 

Further,  Gray  was  a  theistic  Darwinian,  as  abundantly 
shown  in  his  Darwiniana,  and  alike  also  in  his  "  Natural  Sci- 
ence and  Religion."  Here  is  his  creed  in  his  own  words,  as 
published  in  the  Preface  to  the  Darwiniana:  "  I  am  scienti- 
fically and  in  my  own  fashion  a  Darwinian,  philosophically, 
a  convinced  theist,  and  religiously,  an  accepter  of  the  'creed 
commonly  called  the  Nieene,1  as  the  exponent  of  the  Christian 
faith." 

(tray's  various  literary  or  less  scientific  papers,  contributions 
mostly  to  the  fcfc  North  American  Review,"  "  Nation,"  and  the 
"  Atlantic  Monthly,"  always  show  the  clear  thinker,  the  grace- 
ful writer  and  the  well-stored  head,  whatever  the  topic;  and 
when  it  is  scientific,  his  method  of  popularizing  and  illustra- 
ting his  views  is  of  the  most  attractive  kind.  His  last  con- 
tribution to  the  "  Nation"  was  a  lorn?  characteristic  notice  of 
Dnrwin's  Life  and  Letters,  in  November,  showing  no  wailing 
in  his  faculties;  on  the  contrary,  there  is  manifest  the  same 
clear-headed,  judicial  and  sprightly  reviewer,  as  honest  as  ever 
i"  his  opinions  and  in  his  modesty  amid  Darwin's  profuse 
(lie  says  effusive)  commendations. 
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The  last  visit  to  Europe  was  made  during  the  past  year. 
He  went  with  the  intention  of  doing  but  little  of  his  herbarium 
work,  and,  finding  pleasure  among  friends,  old  and  new. 
Mrs.  Gray,  as  usual,  was  with  him.  It  proved  to  be  a  trium- 
phal time  to  the  modest  botanist ;  for  lie  received  the  honor 
jf  doctorate  from  each  of  the  great  Universities  of  Britain, 
tliat  of  Oxford,  of  Cambridge  and  of  Edinburgh.  He  returned 
in  October,  in  excellent  spirits  and  health — an  apparent  prom- 
ise of  some  years  more  of  work.  He  was  soon  again  occupied 
with  his  u  Flora,"  the  completion  of  which  was  the  earnest 
desire  of  all  botanists.  Yet  while  wishing  to  see  its  last  page 
himself,  his  anxiety  about  it  had  lessened  in  later  years,  because 
aware  that  his  colleague  in  charge  of  the  Herbarium,  Dr. 
Sereno  Watson — one  of  the  students  that  he  had  gathered 
about  him — was  capable  of  taking  up  the  lines  whenever  he 
should  lay  them  down. 

Gray's  standing  among  philosophers  abroad  is  manifested  in 
his  recent  reception  in  Great  Britain.  It  is  further  shown  in 
his  having  been  elected  an  honorary  member  of  all  the  prin- 
cipal Academies  or  Societies  of  Science  in  Europe,  including 
the  Royal  Society  of  London  and  the  Institute  of  France. 
He  was  President  of  the  Association  for  the  Advancement  of 
Science  in  the  year  1871,  and  has  been  one  of  the  Regents  of 
the  Smithsonian  Institution  since  1874  ;  and  for  ten  years,  from 
1863  to  1873,  he  was  President  of  the  American  Academy  of 
Arts  and  Sciences.  In  1884:  his  portrait  in  bronze,  made  by 
St.  Gaudens,  was  presented  to  Harvard  College. 

One  of  the  most  gratifying  testimonials  from  his  fellows  in 
science  was  received  on  his  seventy-fifth  birthday.  To  his 
surprise  there  came  greetings  or  notes  of  congratulations 
from  every  American  botanist,  old  and  young,  and,  along  with 
*he  notes,  a  silver  vase  embossed  with  figures  of  the  plants 
^ore  particularly  identified  with  his  name  or  studies.  It 
^as  delightful  to  witness,  says  one  of  his  associates,  his  ohild- 
uke  pleasure  as  he  received  the  gift.  Among  the  letters 
^ere  some  from  friends  who  were  not  botanists.  The  follow- 
Ug  lines  were  from  Mr.  Lowell : 
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Just  Fate  :  prolong  his  life,  well  spent, 

Whose  indefatigable  hoars 
Have  been  as  gaily  innocent 

And  fragrant  as  his  flowers. 

The  vase  is  about  eleven  inches  high  exclusive  of  the  ebony 
pedestal.  The  pedestal  is  surrounded  by  a  hoop  of  hammered 
silver  on  which  is  the  inscription 

1810  November  eighteenth  1885 

ASA  GRAY 

In  token  of  the  universal  esteem 

of  American  Botanists 

Among  the  flowers,  in  raised  figures  about  the  vase,  the 
place  of  honor  on  one  side  is  held  by  Grayia  pclygaloide*,wA 
on  the  other  by  Shortia  galacifclia.  On  the  Grayia  side,  the 
prominent  plants  are  Aquilegia  Canadensis,  Ceniaurea  Ameri- 
cana, Jeffierswiia  diphylla,  JRiidbeekia  speciosa  and  Miichelh 
repens  ;  and  on  the  Shortia  side,  there  are  Lilium  Grayij  t 
Aster  Biqdowi,  Sclidago  serotina  and  Epigma  repens.  The 
lower  part  of  the  handles  runs  into  a  cluster  of  Dionsea  leaves, 
which  clasps  the  body  of  the  vase,  and  their  upper  part  is 
covered  with  Nothole&na  Grayi.  Adlumia  eiTvhosa  trails 
over  the  whole  back-ground,  and  here  and  there  its  leaves  and 
flowers  crop  out.  The  greetings,  in  the  form  of  cards  and 
letters,  that  had  been  sent  by  the  givers  of  the  vase,  were 
placed  on  a  simple  but  elegant  silver  plate,  which  had  within 
the  engraved  inscription  :  Bearing  the  greetings  of  use 
hundred  and  eighty  b0tani8ts  of  north  america  to  asa 
Gray,  on  his  seventy-fifth  birthday,  November  ISth, 
1S85* 

Botanists  have,  as  their  common  object  of  interest,  that  part 
of  Nature  which  seems  by  its  free  gift  of  beauty  and  fragrance 
(without  a  trace  of  self,  the  dominating  element  in  the  animal) 
fully  to  reciprocate  affection;  and  there  is  hence  a  reason  for 
that  fooling  of  fraternity  which  such  a  gift  so  beautifully  ex- 
presses, independently  of  the  tribute  in  it  to  the  botanist  of 
botanists.     Plants  seem  thus  to  select  from  among  enquiring 

n those  which  are  to  be  their  investigators,  or  the  botanists. 
jfettription  of  the  vase  is  from  the  "  Botanical  Gazette  "  of  December, 
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i  a  case  of  Natural  Selection.  But  Dr.  Gray  was  more  to 
nist8  than  a  friend  and  leader.  He  was  the  "Beloved 
y  " — the  object  of  their  admiration  and  devotion  on  account 
lis  goodness,  his  high  principle,  his  frank  independence, 
unfailing  cordiality,  and  the  clearness  of  his  intellectual 
>n,  like  that  of  a  seer.  He  stands  before  the  world  as  a 
r  example  of  the  Christian  philosopher. 

r.  Gray  was  married,  in  1848,  to  the  daughter  of  the  late 
lent  lawyer  of  Boston,  Charles  G.  Loring.  His  excellent 
accomplished  wife,  who  survives  him,  was  in  full  sympathy 
him  in  all  his  pursuits  and  pleasures,  a  bright,  cheerful 
helpful  companion,  at  home  and  in  his  travels  abroad. 

i  a  letter  to  the  writer  in  1886,  Gray  says : 
—  I  have  had  a  week  in  old  Oneida,  which  still  looks  nat- 
I  am  grinding  away  at  the  Flora,  and  shall  probably  be 
id  so  doing  when  I  am  called  for.     Very  well :  I  have  a 
;  comfortable  and  happy  old  age. 
Wishing  you  the  same, 

Yours  ever,  A.  Gray. 

ovember  last,  the  month  after  his  return  from  Europe,  he 
aside  his  nearly  completed  revision  of  the  "  Vitaceae,  or 
)evines  of  North  America"  to  write  his  last  words  about 
ffin  in  the  review  of  Darwin's  Life  and  Letters,  and  to 
are  his  usual  annual  Necrology  for  this  Journal.  The  lat- 
aanuscript  lay  unfinished  on  his  table,  when,  on  the  27th  of 
month,  a  paralytic  stroke  put  an  end  to  work,  with  every 
pect  then  that  his  name  also  would  have  to  be  added  to  the 
>f  1887.  He  lingered  until  the  30th  of  January,  without  a 
■n,  at  any  time,  of  his  powers  of  speech,  and  toward 
ing  of  that  day  passed  quietly  away. 

la  Gray's  remains  lie  buried  in  the  Mt.  Auburn  Cemetery, 
rican  botanical  science,  wrought  out  so  largely  in  its  details, 
rstem,  and  its  philosophical  relations,  by  his  labors,  is  his 
tment.  j.  d.  d. 
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Art.  XVII. — Calibration  of  an  Electrometer;  by  D.  W.  Shka. 

The  mathematical  theory  *  of  the  quadrant  electrometer 
leads  to  the  general  formula  : 

(-)=<*  (A-B)  (C-i  (A+B), 

in  which  8  represents  the  moment  of  the  couple  which  turns 
the  needle,  A,  B,  C,  the  potentials  of  the  two  pairs  of  quad- 
rants and  of  the  needle  respectively,  and  a  is  a  constant  which 
defines  the  sensibility  of  the  instrument.  The  deflection  of 
the  needle  is  proportional  to  the  moment  8.  .Hence,  if  a  ka 
constant  +  as  the  theory  supposes,  the  deflection  of  the  needle 
should  be  proportional  to  the  product 

(A-B)  (C— J  (A  +  B), 

and  the  curve  of  calibration  obtained  in  any  given  method  of 
sotting  up  the  electrometer  should  have  a  perfectly  definite  and 
constant  form.  But  in  the  various  forms  of  the  quadrant  elec- 
trometer, and  in  the  different  methods  of  setting  up  the  same 
instrument,  the  curves  of  calibration  obtained  correspond  in  a 
very  irregular  manner  with  the  curves  given  by  theory.^ 

Some  observations  with  an  electrometer  of  the  Mascart  form, 
winch  show  variations  apparently  due  to  change  in  the  sensi- 
bility with  variation  in  the  temperature,**  are  ifiven  in  the  fol- 
lowing pages.  It  is  possible  that  they  may  lie  of  interest  to 
tho>c  who  use  this  form  of  electrometer. 

The  results  here  given  were  obtained  with  the  electrometer 
M't  up  in  the  following  manner: 

The  needle  wa>  suspended  by  a  bitilar  suspension  consisting 
of  a  Mngle  fiber  of  cocoon  silk,  the  end*  of  which  were  fastened 
to  i he  drum  and  the  U»op  to  the  hook  on  the  upper  end  of  the 
rod  rain  ing  the  needle.  The  two  parts  of  the  fiber  were  sep- 
arated a>  \\ide!\  .^  :!u-  construction  of  the  instrument  admits 
of.  The  needle  \\  as  charged  by  a  water-ljattery.  The  positive 
pole  of  the  b.»:tcr\  \\a>  attached  to  the  electrode  connecting 
\\  it  li  the  inner  uMfVi:  of  t::e  Leyden  jar,  and  the  negative  pole 
.ind  the  cic%  :r»»:::i'!iT  ease  were  to  ground.  The  water-batten' 
w.i  made  r.:»  ot  toi;r  i.undred  cells  of  zinc-copper  elements,  ar- 
i.m.'.ed  \w  :»o\i>  ,.f  e'.ci'.ty  ee'.Is  each.     The  difference  of  poten- 

*  \\    w\('"    .  V       .  ■.-.  .    .-;  v..  «;■  ;:-.<-.v..  v  ■".   :.  p.  Ml. 
'  11 '■»«»»  :  •  .  v.    ^     \     \.\    ■•    ;;«T 

J  v. -in   v    '  -.'.'*-      .    \     v    '. 

•'■■■«  V       ■  ....  -\    X      '  \  '  .   >■ 

I    ••>■>•     ■■:         .   .   .  ,         \-   •■  :,      .  ■.•        .x- 

i l  ill«  »« "      w  ,-.:,*■     ■     n    \-      .;--  ■'■  vf   ..:.  i  i/hem..  nix,  p.  35. 
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tial  between  the  positive  pole  of  any  one  of  these  boxes  of 
cells  and  the  ground,  with  the  negative  pole  to  ground,  was 
about  forty  volts. 

In  making  the  calibration,  a  battery  of  small  gravity  cells 
was  used,  with  circuit  closed  through  an  external  resistance  of 
ten  thousand  ohms.  One  and  the  same  end  of  the  set  df  resis- 
tance coils  was  to  ground  in  all  observations.  Points  on  the 
box  of  coils  such  that  one,  two,  three,  etc.,  thousand  ohms  were 
included  between  them  and  the  point  to  ground  were  success- 
ively connected  to  one  pair  of  quadrants,  while  the  other  pair 
of  quadrants  was  to  ground,  and  the  quadrant  connections  were 
alternated  in  order  to  get  readings  on  the  right  and  left  of  the 
zero,  which  was  placed  at  the  middle  point  of  the  scale.  The 
needle  was  charged  by  one,  two,  three,  etc.,  boxes  of  cells 
successively,  and  the  number,  of  cells  in  the  gravity  battery 
was  decreased,  as  the  charge  of  the  needle  was  increased,  so  as  to 
keep  the  difference  of  potential  between  the  ends  of  the  set  of 
resistance  coils  such  that  the  spot  of  light  always  remained  on 
the  scale. 

It  was  found  that  the  form  of  the  curve  for  a  given  charge  of 
the  needle  did  not  long  remain  constant,  and  that  even  the  di- 
rection of  curvature  changed.  The  change  in  the  form  of  the 
curve  was  greatest  when  tne  charge  of  the  needle  was  smallest, 
and  it  was  not  until  the  whole  water-battery  of  four  hundred 
cells  was  employed  that  a  curve  was  obtained  which  changed  so 
little  as  to  admit  of  accurate  work.  The  change  in  the  curves 
was  most  rapid  when  the  temperature  of  the  room  was  chang- 
ing rapidly  between  certain  limits.  Beyond  these  limits  there 
was  little  change  in  the  curves.  But  for  any  given  tempera- 
ture between  the  limits  the  form  of  the  curve  was  not  con- 
stant, even  though  the  temperature  of  the  room  had  been  so 
constant  for  several  hours  that  all  parts  of  the  electrometer 
could  reasonably  be  supposed  to  have  the  temperature  of  the 
room. 

The  changes  in  the  form  of  the  curves  for  various  charges  of 
the  needle  were  followed  through  the  range  of  temperature  at- 
tainable, at  the  time,  in  the  room  where  the  electrometer  was 
set  up.     The  following  tables  will  serve  to  show  these  changes. 

In  all  the  observations  the  scale  was  at  a  distance  of  126cm 
from  the  mirror. 

The  curves  shown  in  the  plate  were  plotted  by  taking  the 
potentials  of  the  quadrants  as  abscissas  and  the  deflections  of 
the  needle  in  degrees  as  ordinates.  Fig.  1  shows  curves  when 
charge  of  needle  was  forty  volts;  fig.  2;  when  charge  was 
eighty  volts ;  fig.  3,  when  charge  was  one  hundred  and  twenty 
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volts ;  fig.  4,  when  charge  was  one  hundred  and  sixty  volts 
fig.  5,  when  charge  was  two  hundred  volts ;  fig.  6,  I,  whei 


charge  was  twenty  volts,  and  II.  when  chaw  was  ten  volts. 
lne  Koman  nnmerais  in  the  figures  refer  to  tne  tables. 
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Charge  of  Needle,  40  volts. 


i. 


Temperature,  6°C. 

• 

be- 

Scale  readlngt  In  cm. 

to 
•oint 

I. 

it. 

Charge  of 

quadrant* 

In  volt». 

ft 

2 

Left. 

Mean  of 
two 
scale 

reading*. 

Deflection  ol 
needle  In 
degrees. 

2-5 

213 

2-17 

215 

X>°  29'5 

50 

4-30 

4*20 

4*25 

0  58 

7-5 

6-28 

6-20 

6*24 

1  25 

125 

1007 

9*85 

9*96 

2  15-5 

17-5 

13-46 

13-34 

13-40 

3  2 

200 

1505 

1500 

1502 

3  24 

22*5    • 

1649 

16-41 

16-45 

3  43 

25-0 

17-92 

17-94 

17*93 

4  2*5 

II. 


Temperature,  8°  0. 


2-5 

1-93 

1-92 

1*925 

0  26 

50 

3-81 

3-79 

3-80     • 

0  52 

7-5 

5*64 

5-61 

5-625 

1   17 

12-5 

917 

912 

9145 

2  4 

17-5 

12-85 

12*84 

12*845 

2  54 

200 

14*60 

14-66 

14*64 

3  19 

22*5 

16-29 

16-23 

16-26 

3  40*5 

25-0 

17-79 

17-78 

17*785 

4  1 

III. 


Temperature,  11°  0. 

25 

2  03 

2-04 

2035 

0°28' 

50 

403 

403 

403 

0  55 

7-5 

5-94 

602 

5*98 

1  22*5 

12*5 

9-95 

9-99 

9*97 

2  16 

17-5 

13-70 

15-76 

13-73 

3  6*5 

200 

15-76 

15-84 

15-80 

3  34-5 

22-5 

17-89 

17-91 

17-90 

4  2 

25-0 

19-81 

19*87 

19-84 

4  28 

IV. 


Temperature,  12°  0. 


2*5 

1-91 

1-89 

1-90 

0  26 

50 

385 

3-87 

3'86 

0  52*5 

7-5 

5-90 

5-95 

5-92 

1  20-5 

12*5 

10-08 

1012 

10-10 

2  17-5 

17-5 

14-30 

14-33 

14-315 

3  14-5 

200 

16-50 

16-54 

16-52 

3  44 

22*5 

18-71 

1880 

18-75 

4  13-5 

25  0 

20-79 

20-82 

20*805 

4  47 
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Resistance  be- 
tween point  on 
coils  to  the 
ground  and 

point  to 

quadrants  in 

ohms. 

1000- 

2000* 

3000- 

5000' 

7000* 

8000* 

9000* 


Charge  of  the 

quadrants 

In  volts. 

2-5 

50 

7-5 
12  5 
17-5 
200 
22'5 


Temperature,  14°  C. 


Scale  readings  in  cm. 


a 

212 
4*29 
6*58 
11-30 
16*41 
1902 
21*86 


•i 

Mean  of  the 
two  scale 
reading*. 

214 

213 

4*29 

4'29 

6*58 

6*68 

1132 

-     11-31 

16*44 

16*425 

1906 

1904 

21*97 

21-915 

Deflection 

of  needle  1a 

degree*. 

0°29' 

0  585 

1  29*5 

2  34 

3  43 

4  18 
4  56 


VI. 


Temperature,  16°  0. 


1000- 

2*5 

1-93 

1-89 

1-91 

0  26 

2000* 

5-0 

3-90 

3-94 

3-92 

0  53 

3000' 

75 

6-00 

6*03 

6015 

1  22 

5000* 

12*5 

10*37 

10-37 

10*37 

2  205 

7000- 

17-5    * 

1515 

1618 

15-17 

3  26 

8000. 

200 

17*64 

1771 

17*68 

3  59-5 

9000* 

22-5     % 

19-85 

19*88 

19*865 

4  285 

oooo- 

25  0 

22-15 

22-24 

22-20 

5  OD 

1000- 

2000- 

3000- 

5000- 

7000- 

8000 

9000- 


Charge' of  Needle,  80  volts. 

i. 

Temperature,  6° -5  C. 

1-3  2-35  235 

2*6  4*72  4  69 

3*9  715  7  13 

6-5  12*01  1204 

91  1694  16-95 

104  1932  1930 

11-7  21-72  21*72 


2-35 

0°32' 

4-705 

1  4 

714 

1  37 

12025 

2  43-3 

16945 

3  495 

1931 

4  21*5 

21-72 

4  53'5 

1000 
2000 
3000 
5000 
7000 
8000 
9000 


1-3 
2-6 
3-9 
6\> 
91 
10-4 
11-7 


n. 

Temperature.  9°  C. 


2-26 
4-57 
683 
11-34 
1613 
1S-40 
2059 


2-26 
457 
4-75 
11  34 
1614 
18-35 
2053 


2  26 

0  31 

457 

I  2 

6*79 

1  32 

11-34 

2  34 

16135 

3  385 

18*375 

4  S-5 

2056 

4  37 

1000 
2000 
3000 
&000 
7000 
8000 
9000* 


13 
2*6 
3-9 
6*5 
91 
10  4 

1W 


in. 
Temperature,  12 


C. 


247 
4-90 
731 
12  12 
1674 
19-08 
2143 


2  46 
485 
7  26 
11-95 
16*73 
19*07 
21*36 


2  465 
4875 
7*285 
12-035 
16*735 
19075 
21*395 


0*33  5 

1  65 

1  39-5 

2  44 

3  46* 

4  18 
4  49 
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IV. 

Temperature,  1 7°  C. 

Scale  readings  In  cm. 


Charge  of 

the 

quadrants  in 

TOlU. 

i 

- 

i 

Left. 

1-3 

2-60 

2-59 

2*6 

5*05 

4*97 

3*9 

7-60 

7-51 

66 

12-55 

12.41 

91 

17*35 

17-23 

10-4 

19-50 

19-57 

11-7 

21-85 

21;78 

Mean 

of 

the  two 

scale  readings. 

Deflection 

of 

the  needle  in 

degrees. 

2-595 

0  35-5 

501 

1  8 

7-655 

1  43 

12-48 

2  47 

17*29 

3  54-5 

19-535 

4  24*5 

21-815 

4  54-5 

Charge  of  Needle,  120  volts. 


i. 


Temperature  8°  0. 

0-7 

2-29 

2*30 

2*295 

0°31' 

1-4 

4-62 

4-61 

4-615 

1     3 

2'X 

7  04 

6-99 

7015 

1  355 

35 

11-77" 

11-82 

11-795 

•     2  40-5 

4-9 

16-47 

16*41 

16*44 

3  43 

5-6 

18-84 

18-79 

18*815 

4  14-5 

6-3 

21-22 

21-20 

21*21 

4  46-5 

II. 
Temperature  12°  C. 


0-7 

223 

2-24 

2-235 

0°30/-5 

1-4 

437 

4-32 

4-345 

0  59 

21 

656 

649 

6-525 

I  27-5 

3-5 

1099 

11-01 

11  00 

2  27 

4-9 

1552 

15-66 

15-54 

3  31 

56 

17-99 

18-00 

17-995 

4     3-5 

6-3 

20-20 

ill. 
Temperature 

20-20 
:  17°  C. 

20-20 

4  34 

0-7 

2-43 

2-44 

2-435 

0°33' 

1-4 

4-86 

4-87 

4-865 

1     6 

2-1 

7-25 

726 

7-255 

1  39 

3-5 

12-02 

1201 

12015 

2  44 

4-9 

16*74 

1676 

16-75 

3  47 

5-6 

1903 

1912 

19-075 

4  19-5 

6-3 

2151 

2153 

21-52 

4  51 

Charge  of  Needle,  160  volts. 


Temperature  7°  C. 

0-55 

2-28 

2-28 

2-28 

0°31' 

110 

4-53 

452 

4-525 

1     1-6 

1-66 

6-80 

6-79 

6-795 

1  32-5 

2-76 

11-28 

11-21 

11-245 

2  33 

3-85 

15-78 

15-67 

15-725 

3  33-5 

4-40 

18-00 

17*93 

17-965 

4     4 

4*95 

20-30 

20-20 

20*25 

4  34"5 
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n. 


Resistance  be- 
tween point  on 
colli  to  ground 
and  point  to 
quadrants  in 
degrees. 


1000 
2000 
3000 
5000 
7000 
8000 
9000 


Charge 

quadrants  in 
volts. 


0*55 
110 
165 
2*75 
3-85 
4*40 
495 


Temperature  18°  0. 

Scale  readings  in  cm. 


I 


2*30 
4*61 
687 
11-41 
14*98 
1821 
2060 


si 

3 

233 
4-65 
6-97 
11-61 
15*20 
1849 
2073 


Mean 

of 

the  two 

scale  readings. 


2*315 
4-63 
6*92 
11-51 
1509 
18*35 
20-615 


Deflection 

of 

the  needle  bi 


0*3l'-5 
1     3 

1  34 

2  36-5 

3  26 

4  8 
4  37-5 


Charge  of  Needle,  200  volts. 
Temperature  17°  0. 


1000- 

046 

200 

1-99 

1-995 

0°27' 

2000- 

0-92 

3*99 

3-99 

399 

0  54 

3000- 

1-38 

5*99 

6  96 

6-975 

1  22*5 

5000- 

2*30 

9-98 

9*94 

9*96 

2  16  5 

7000- 

3*22 

14-00 

13  96 

13*98 

3  10 

8000- 

368 

1602 

15*96 

15-99 

3  37 

9000- 

414 

1800 

17-96 

17-98 

4    3*5 

10000- 

4-60 

2000 

19-90 

1995 

4  30 

It  was  found  that  the  curve  of  calibration,  when  the  charge 
of  the  needle  was  200  volts,  was  practically  constant  for  a 
range  of  temperature  from  6°  to  25°  C. 

The  curves  of  calibration  for  the  cases  where  the  needle  has 
charge  of  10  and  20  volts  were  not  examined  very  carefully* 
but  it  was  observed  that  the  variation  was  much  greater  thax 
in  the  other  cases.     The  following  tables  will  serve  to  show  tib- 
form  of  the  curves  for  these  cases : 


Charge  of  Needle,  10  volts. 


Resistance  be- 
tween polut  to 
ground  and 

point  to 

quadrants  In 

ohm**. 


1000 
2000 
IJOOO 
6000 
7000 
8000 
9000 
10000 


Charge 

of 

quadrants  in 

volt.-*. 


4  3 
96 
12-9 
21-5 
30- 1 
34*4 
38-7 
430 


Temperature  18°  C. 

Scale  readings  In  cm. 


S 
102 

3-69 
7-41 
11-83 
14*25 
17*21 
2025 


o 

104 

224 

3*71 

7-39 

11-81 

14-27 

1716 

20-26 


Menu 

of 

two  scale 

readings. 

103 
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Charge  of  Needle,  20  volts. 
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making  the  calibrations,  examinations  for  leakage  were 
mtly  made  by  charging  the  quadrants  and  breaking  their 
ction  with  the  battery  circuit.  The  constancy  of  the 
y  and  water  batteries  was  determined  by  means  of  a  con- 
cell,  devised  by  Dr.  Willson.*  The  electro-motive  force 
a  cell,  which  was  taken  as  the  standard  in  these  observa- 
is  1*085  to  1*088  volts.     This  variation  is  so  small  that  it 

observable  with  the  electrometer,  which  is  not  capable 
a8uring  less  than  *01  of  a  volt,  when  set  up  in  the  manner 
bed,  and  the  needle  having  a  charge  of  200  volts, 
rill  be  noticed  that  the  variation  in  the  sensibility  decreases 

charge  of  the  needle  becomes  great  relatively  to  that  of 
uadrants.  The  mathematical  theory  supposes  that  the 
3  of  the  needle  is  high  when  compared  with  that  of  the 
ants,  but  it  gives  no  idea  of  what  the  order  of  the  charges 
1  be.  These  observations  seem  to  show  that  in  making 
\  an  electrometer  for  electrical  measurements,  we  shoula 
ain  by  experiment  what  charge  the  needle  must  have,  in 
that  the  sensibility  may  remain  constant  for  the  range  of 
es  to  be  given  the  quadrants. 

ch  trouble  was  experienced  at  first  through  the  electrom- 
>eing  6et  up  in  a  room  in  which  several  students  were 
ork  upon  various  experiments  in  electricity.  This 
e  seemed  to  be  due  to  induction  effects  on  the  quadrants, 
i  the  electrometer  case  did  not  very  completely  shield,  for 
iclo6ing  the  electrometer  in  a  box  coated  with  tin- foil, 
>ut  into  connection  with  the  ground,  the  trouble  was  re- 
el. After  removing  another  difficulty,  i.  e.,  leakage,  due 
3  of  glass  rods  in  the  construction  of  a  commutator,  by 
tuting  paraffine  for  the  glass,  it  was  found  that  the  elec- 

zero  suffered  a  displacement  to  the  side  to  which  the 
>f  light  was  deflected. f     This  displacement  increased  with 

er  Daniell'sche  Normal- Elemente,  Inaugural  Dissertation  von  Robert  W. 
l,  aus  Cambridge,  U.  S.     Wurzburg,  1 886.     Pamphlet, 
omas  Gray,  Phil.  Mag.,  V,  vol.  xxiii,  p.  46. 
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the  magnitude  of  the  deflection,  and  was  as  great  as  one  centi- 
meter, at  the  end  of  two  or  three  minutes,  for  a  deflection  of 
twenty  centimeters.  The  suspending  fiber  had  been  in  the 
instrument  for  some  time,  inquiry  showed  that  it  was  drawn 
from  floss  silk.*  On  substituting  a  fiber  drawn  from  cocoon  silk 
which  had  been  well  washed,  no  displacement  of  the  zero  was 
observed  except  where  the  room  had  been  kept  at  about  0°  C. 
for  several  hours.  Some  trouble  was  experienced  from  sudden 
movements  of  the  needle,  apparently  caused  by  the  working  of 
a  dynamo,  from  which  wires  extended  through  the  varions  parte 
of  the  building  in  close  proximity  to  the  pipes  for  gas  and 
water,  the  pipes  !>eing  made  use  of  as  ground  connections  for 
the  electrometer  and  batteries.  These  deflections  of  the  needle 
were  most  marked  in  the  cold,  dry  weather  of  winter ;  from 
this  it  seems  probable  that  the  pipes  did  not  serve  as  very  good 
ground  connections  at  the  time  and  under  the  circumstances. 

.loflbrson  I'hyaicul  Laboratory,  Dec.  5th,  1887. 


A  kt.   X  V 1 1 1 . — On  the  HthiHiU^d  Northfardj  Maine,  Meteorite; 

bv  F.  C.  Robinson. 

Various  cabinets  in  this  state  and  doubtless  elsewhere  con- 
lain  specimens  of  a  black  rock  showing  signs  of  external  fusion, 
labeled  "  Meteorite  which  fell  in  Northport,  Maine."  A  speci- 
men recently  received  from  Mr.  \V.  H.  Sargent,  of  Brewer, 
Maine,  has  Wen  analyzed  in  my  laboratory  by  Mr.  Charles 
Fish,  with  the  following  results: 

Vv  a  I         I'll         M|?  Co        SiOa  S  P         Mn 

l;t:l7      »-lt»     o-ss     2-U5     0-25     27*68      riO     0*03     ir  =  79-n5        } 

The  Mg,  Al  and  most  of  the  Fe  were  evidently  combined 
as  silicates.     The  rest  of  the  Fe  was  present  as  sulphide  and 
oxide,  and  the  eopjHT  as  sulphide.     Calculating  them  as -nick 
the  analysis  comes   up  to  «»s*8ti  per  cent  omitting  the  small 
amount   of  P,  Co,  Mn.     The  piece  I   have  and  others  I  have 
seen  a iv  nearly  or  unite  black  in  color,  and  seem  to  have  befl* 
broken  from  a  nearly  spherical   mass  of  about   1£  or  2  feet  id 
diameter,  whose  outer  surface  was  fused.     Sections  under  tht^ 
microscope  closely  resemble  those  made  from  furnace  slag  fruits 
the   reduction  o\   iron  or  copper  ore.     It  will  be  noticed  too 
that   the  ana!\sis  corresponds  quite  closelv  to  some  published 
aual\  scs  of  sl^v      .Compare  "  KerPs  HandVrach."  p.  $56,  vol.  i.) 

♦  Molt  ■:•.-,».■.:■    JVcv,  v.;v..   oc   v  ■*>"•     A vrton  and  Perrv.  Jour.  TeL  Engineer* 


l 
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3cimen  of  the  copper  slag  from  the  old  "  Revere  Copper 
vs"  in  Massachusetts,  obtained  through  the  kindness  of 
tfadsworth,  is  microscopically  and  chemically  nearly  iden- 
with  the  so-called  meteorite.  That  it  is  not  of  meteoric 
1  thus  seems  to  be  settled,  but  notwithstanding  the  most 
ve  stories  are  told  about  "  seeing  it  fall,"  "  getting  pieces 

still  hot,"  etc.,  I  have  not  been  able  to  trace  all  such 
&  down.  In  regard  to  one  of  them  I  learned  from  the 
r  of  a  fragment  which  came  into   my  hands  that  "in 

while  standing  upon  the  shore  at  Northport  in  the 
ng,  suddenly  the  region  was  lighted  and  a  ball  of  fire 
d  over  his  head  from  west  to  east,  fell  into  the  water  and 
ded  with  a  loud  noise."  Failing  to  find  any  fragments 
ncluded  that  it  struck  too  far  out.  In  1881,  having  heard 
pieces  of  a  meteor  had  been  found  there,  he  revisited  the 
ind  at  dead  low  water  picked  up  several,  one  of  which  I 
Although  the  pieces  he  found  were  probably  old  copper 
wrought  by  some  vessel  in  ballast,  still  the  fall  of  a  meteor 
cannot  be  questioned,  and  it  is  possible  that  true  meteoric 
aents  may  have  been  or  may  yet  be  found  in  that  reigon. 


XIX. — Hhtory  of  the  Changes  in  the  Mt.  Loa  Craters  ; 
James  D.  Dana.     Part  I.   Kilauea.     Continuation  of 
j  Summary  and  Conclusions. 

[Continued  from  xxxiii,  433;  xxxiv,  81,  349;   xxxv,  15  (Jan.,  1888).] 
II.    SIZE   OF   THE    KILAUEA   CONDUIT. 

'  appreciate  the  power  at  work  in  Kilauea  and  understand 
ition  we  should  know,  if  possible,  the  diameter  of  the 
conduit ;  and  for  this  we  nave  to  look  to  its  condition 
in  times  of  eruption  and  in  periods  of  relative  quiet, 
view  of  the  greatness  of  the  discharge  in  1823 — so  under- 
ig,  owing  to  its  extent,  as  to  drop  abruptly  to  a  depth  of 
hundreds  of  feet  the  floor  of  the  crater,  leaving  only  a 
>w  shelf  along  the  sides — we  reasonably  conclude  that,  at 
time,  the  conduit  beneath  was  of  as  large  area  as  the 
lea  pit  itself — or  nearly  seven  and  a  half  miles  in  circuit, 
may  also  infer  that,  immediately  before  the  discharge, 
ever  there  was  a  lava-lake,  the  liquid  top  of  the  conduit 
lp  to  the  floor  of  the  crater,  ana  elsewhere  not  very  far 
v  it.  The  inference  is  similar  from  the  eruptions  of  1832 
L840.  When  the  floor  of  the  pit  fell  at  the  discharge  in 
,  it  was  not  thrown  into  hills  and  ridges,  as  it  might  have 
had  it  dropped  down  its  400  feet  to  solid  rock  in  conse- 
ce  of  a  lateral  discharge  of  the  lavas  beneath ;  on  the 

Jour.  Sci.— Third  Series,  Vol.  XXXV,  No.  207.— March,  1888. 
13 
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contrary,  it  kept  its  flat  surface,  thus  showing  that  it  probablv 
followed  down  a  liquid  mass,  that  of  the  subsiding  conduit 
lavas. 

But  it  is  probable  that  the  conduit  had  then,  and  has  still,  a 
larger  area  than  that  of  Kilauea 

At  the  eruption  of  March,  1886,  when  the  emptying  of 
Halema'uma'u  and  its  bordering  lake,  at  the  soutn  end  of 
Kilauea,  was  all  the  visible  evidence  of  discharge,  the  Solfatara 
at  the  north  end,  two  and  a  half  miles  from  Halema'uma'u, 
showed  sympathy  with  the  movement.  For  the  escape  of 
vapors  from  its  fissures  suddenly  ceased,  as  if  the  source  of  the 
hot  vapors  had  participated  in  the  ebb,  while  a  few  hows 
before  the  discharge  the  vapors  were  unusually  hot,  so  as  to 
prevent  the  use  of  the  bath-house  (xx^iv,  351).  Thus,  even 
now,  during  a  comparatively  small  discharge,  we  have  evidence 
that  the  two  distant  extremities  of  the  crater  are  underlaid  by 
inter-communicating  liquid  lava.  Mr.  Brigham  speaks  of 
hearing,  in  1880  (xxxiv,  27)  when  at  the  vapor-bath  nouse  in 
the  Solfatara,  sounds  from  below,  "  rumbling  and  hard  noises 
totally  unlike  the  6oft  hissing  or  sputtering  of  steam,"  a  fact 
that  seems  to  favor  the  above  conclusion.  Further,  through 
all  known  time,  as  now,  several  of  the  fissures  in  the  Solfatara 
region  have  discharged,  besides  steaui,  sulphurous  acid  freely, 
and  this  can  come  only  from  liquid  lavas. 

The  summit  of  the  conduit  must,  therefore,  be  even  larger 
than  all  Kilauea.  To  this  may  perhaps  be  added  the  bor- 
dering region  of  fissures  and  abrupt  subsidences :  for  subsi- 
dences or  down-plunges  indicate  undermining,  and  under- 
mining here  means  the  removal  of  liquid  material  from  beneath. 
With  this  addition  to  the  limits,  the  width  is  16.000  feet  and 
the  lemjth  as  much,  plus  a  mile  or  more  to  the  southwest 
where  the  fissures  of  18t>8  if  not  also  of  earlier  date,  are  giving 
off  hot  vajH»rs  abundantly. 

But  while  this  may  Ik*  the  area  of  the  upper  extremity  of 
the  conduit,  the  top  surface  is  not  a  level  plane,  as  the  condi- 
tion of  the  region  above  it  indicates.  A  small  part  of  it  at  all 
times  ^with  short  exceptions  after  an  eruption)  has  extended 
up  to  the  surface  in  Halema'uma'u,  and  occasionally  in  other 
lava-lakes  during  times  of  special  activity  ;  for  each  such  lake, 
however  small,  must  have  its  separate  conduit  reaching  down 
to  the  general  liquid  mass  and  giving  upward  passage  to  the 
working  vapors  We  learn  hence  that  whatever  the  number 
ot  those  conduits,  they  may  act  independently,  that  is  over- 
flow, and  rise  and  fall  in  level,  because  the  size  is  verv  small 
compared  with  that  of  the  reservoir  from  which  thev  rise 
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IIL    THE    ORDINABY    WORK    OP    KILAUEA. 

By  the  ordinary  work  of  Kilauea  is  here  meant  the  work  which 
is  carried  on  between  epochs  of  eruption.  A  large  part  of  it 
is  the  living  work  of  the  volcano,  the  regular  daily  action,  never 
permanently  ceasing  except  with  the  decline  and  extinction  or 
withdrawal  of  the  iires.  The  deep-reaching  conduit  of  lavas, 
which  is  the  source  of  the  heat  and  center  01  this  living  activity, 
owes  a  large  part  of  its  power  to  act  the  volcano,  and  make  a 
volcanic  mountain,  to  the  presence  of  something  besides  heat 
and  rocks.  Vapors  are  ever  rising  and  escaping  from  the 
conduit,  and  though  lazy  in  the  clouds  above  where  the  work  is 
done,  they  carry  on  nearly  all  the  ordinary  action  of  a  crater, 
«ven  that  of  greatest  brilliancy  and  loftiest  fiery  projection  as 
well  as  the  gentler  play  of  the  iires.  But  these  vapors  have 
not  produced  the  great  eruptions  in  Kilauea  since  1822 ;  they 
occasion  only  its  quiet  or  lively  activity  in  periods  of  regular 
work  between  eruptions.  I  add  also,  lest  I  be  misunderstood, 
that  the  vapors  are  bad  for  fuel,  as  they  tend  to  put  the  fires 
out,  but  good  for  work. 

There  is  another  source  of  work,  perhaps  a  perpetual  source 
during  the  active  life  of  a  volcano  as  it  is  a  perpetual  source  of 
heat,  namely,  the  ascensive  force  of  the  conduit  lavas.  But, 
unlike  the  vapors,  it  is  an  invisible  agency,  slow  in  its  irresistible 
movements.  What  are  its  limitations,  and  what  its  source  still 
remain  undetermined. 

The  other  agencies  concerned  in  the  ordinary  work  have 
only  occasional  effects.  They  include  heat  in  work  outside  of 
the  conduit,  and  hydrostatic  and  other  working  methods  of 
gravitational  pressure.* 

Tabulating  the  agencies,  they  are  as  follows  : 

A.  The  vapors. 

B.  The  ascensive  force  of  the  conduit  lavas. 

C.  Heat,  displacing,  disrupting,  fusing. 

D.  Hydrostatic,  and  other  gravitational  pressure. 

All  these  agencies  do  their  work  around  the  lava  conduit,  or 
its  branches,  as  their  central  source  of  energy.     Unlike  non-vol- 

*Tbe  following  account  of  Kilauea  in  December,  1874,  was  omitted  from  page 

9*  of  vol.  xxxiv.     It  i*  from  a  brief  note  by  Mr.  J.  W.  Nichols,  of  the  British 

Transit  of  Venus   Expedition  of  1874.    published   in   the   Proceedings  of  the 

Edinburgh  Royal  Society  for  1875-6.  pp.  113-17.     A  low   cone  around    Hale- 

Bfc'uma'u  about  70  feet  high  ;  diameters  of  the  basin  £  m.  and  £m.;  within  it,  four 

k*a  lakes,   the   largest   200   yds.  in   length ;  in   the  largest,  7  to  8  fountains  of 

*hite-hot  lava  playing  to  a  height  of  30  to  40  feet,  one  of  them  sometimes  stop- 

P^fc,  and  then  commencing  in  another  part  of  the  lake;  the  fountains  in  every 

j*8®  playing  around  the  edges  of  the  lake;  lava  of  largest  lake  about  50  feet  be- 

Jj^  the  brim ;  one  of  the  smaller  lakes  brim  full  of  lava  when  in  the  others  the 

J**a  surface  was  30  or  40  feet  below  the  brim ;  in  one,  a  single  fountain  bursting 

k°m  a  cavern  in  its  side.     The   summit  crater  is  stated   to  have  been  in  action. 

***>Ut  a  month  before  the  visit 
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canic  igneous  eruptions  and  nearly  all  other  geological  opera- 
tions, the  results  are  pericentric.  Overflows  ana  outflows, 
aerial  discharges  and  their  depositions,  fissure-making,  subsi- 
dences, elevations,  everywhere  illustrate  this  fundamental  prin- 
ciple in  volcanic  action.  As  the  volcanic  mountain  witnite 
crater  is  its  emphatic  expression,  so  is  almost  every  little 
heap  of  lavas,  or  cinders,  that  may  form  within  the  crater  or 
over  the  mountain  slopes. 

A.  The  work  done  by  vapors. 

Only  part  of  the  work  of  vapors  is  of  the  permanent  kind, 
carried  on,  as  above  described,  by  the  vapors  rising  through  the 
lavas  of  the  conduit.  Another  efficient  part,  but  most  efficient 
in  times  of  eruption,  is  dependent  on  vapors  generated  wtf- 
*ide  of  the  conduit.  In  addition,  there  are  the  chemical  effects 
of  vapors.     The  work  includes : 

(1)  The  effects  of  the  expansive  force  of  vapors  in  their 
escape  from  the  liquid  lavas:  projectile  action  and  its  results. 

(2)  The  effects  of  the  expansive  force  of  vapors  within  the 
liquid  lavas  :  vesiculation  and  its  results. 

(3)  The  effects  of  vapors  generated  outside  of  the  conduit: 
fractures,  displacements,  etc 

V±>  The  chemical  action  of  vapors;  which  is  considered  only 
a-  regards  certain  metamorphic  effects,  in  connection  with  the 
account  of  the  Summit  crater. 

1.      THE  VAPORS  CONCERNED:  THEIR  KINDS  AND  SOURCES. 

The  vapors  of  Kilauea  have  not  yet  been  made  a  subject  of 
special  investigation.  Still,  there  is  no  question  that  the  chief 
''.  rkimj  vapor  is  the  vapor  of  water;  besides  which  there fc* 
little  sulphur  gas,  and  probably  some  atmospheric  air.  In- 
vestigations elsewhere  have  shown  the  vast  predominance  of 
w.ster- vapor  among  aerial  volcanic  products  proving  that  letf 
than  I  part  in  100  is  vapor  of  any  other  kind.  The  state- 
ment of  Mr.  .1.  S.  Emerson  (xxxiii,  90)  that  on  the  west 
margin  ot  Ilalenufuimfu,  at  one  of  his  surveying  stations  in 
April  ot  l^r»,  to  leeward  of  a  %%  smoke-jet,"  he  continued  hi* 
work  ••  without  regard  to  the  smoke  which  the  wind  carried  over 
him  within  a  few  feet  ot  his  head,"  is  proof  that  the  air  held 
little  snlphurou<  aeid.  Great  volumes  of  vapors  were  constantly 
rising  from  Ilalema'unufu  in  August,  1SS7. 

Mr.  Hrigham  was  led  to  conclude  from  his  seeing  so  little 
xupor  ruling  from  the  Great  Lake  during  his  visit,  that  too 
much  influence  had  been  ascribed  hv  others  to  water;*  and 
tins  view  is  printed  also  by  Mr.  W."  L.  Green,  of  Honolulu. 

*  l*:u;*  a:u.  XUiv.oIr.  p.  4;>0.  and  this  Journal.  xxxiT,  24. 
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ho  refers  part  of  the  movements  in  the  lake  to  escaping  atmos- 
leric  air ;  the  air  being  supposed  to  be  carried  down  by  the 
dashing  and  jetting  lavas,  there  to  become  the  source  of  the 
►lashing ;  and  to  become  confined  in  this  and  other  ways,  and 
3  carried  deeper  for,  other  work.*  But  the  amount  of  vapor 
eaping  from  a  lake  in  times  of  moderate  activity,  when  it  is 
ostly  crusted  over,  is  very  small — being  only  that  from  the 
jeicles  (p.  194)  and  breaking  bubbles  in  the  actively  liquid 
>rtion ;  and  in  a  state  of  brilliant  action,  the  hot  air  above,  up 
>  a  height  where  the  temperature  is  diminished  from  that  of 
le  liquid  lavas  to  300°  F.  will  dissolve  and  hold  invisible  nearly 
times  as  much  moisture  as  at  212° ;  up  to  440°,  16  times  as 
inch :  and  to  446°,  27  times.  The  absence  of  vapors  over  a 
owing  lava  stream  is  made  evidence  against  the  presence  of 
ater ;  but  if  all  is  from  one  source,  there  should  he  none  except 
t  the  source  (ibid.) 

The  amount  of  6ulphur  in  the  vapors,  and  its  condition  be- 
ore  the  escape  from  the  lava,  whether  as  sulphur  vapor  sim- 
>ly  or  as  sulphurous  acid  (sulphur  dioxide),  are  questions  for 
he  future  investigator.  Pyrite,  or  some  iron  sulphide,  being 
ts  probable  source,  I  add  that  I  have  detected  pyrite  in  the 
avaof  a  dike  on  Oahu,  but  not  in  the  lavas  of  the  crater,  where 
re  should  hardly  expect  its  presence.  Chalco pyrite  (copper 
writes)  may  also  be  present;  for,  in  1840,  I  found,  at  the 
outhwestern  sulphur  banks,  some  blue  copper  sulphate.f 
Che  faintly  greenish  tint  of  the  flames  which  nave  been  seen 
xxxiv,  24,  356)  may  have  this  source. 

Carbonic  acid  has  not  been  observed  escaping  from  fuma- 
*oles  about  any  part  of  the  Hawaiian  Islands,  and  no  frag- 
ments of  limestone  have  been  found  among  the  ejectamenta 
>f  Kilauea  or  Mt.  Loa  The  volcanoes  stand  in  the  deep  ocean, 
rod  the  conduit  must  come  up  through  old  lavas  for  thousands 
>f  feet,  and  hence  carbonic  acid  i6  only  a  possible  not  a  proba- 
te product.  The  position  of  the  volcanic  region  in  mid- 
Xfcan,  where  continental  geological  work  has,  most  probably, 
lever  gone  forward,  makes  it  questionable  whether  limestone 
8  Passed  through  by  the  hot  lavas  at  any  depth. 

The  presence  of  hydrogen  among  the  escaping  vapors  re- 
nins to  be  determined.  The  pale,  hardly  bluish  flames  seen 
lhout  the  Great  Lake  may  come  from  the  burning  of  escaping 
lydrogen,  or  of  sulphur  vapor,  or  of  hydrogen  sulphide. 

The  source  of  the  water  or  moisture,  whence  comes  the  chief 
'art  of  the  escaping  vapors,  is  probably  atmospheric.  On  this 
oint  the  arguments  appear  to  be  as  strong  now  as  in  1840. 

•Vestiges  of  the  Molten  Globe,  Part  II,  8vo,  Honolulu,  1887. 

f  My  Exped.  Report,  pp.  180,  201,  2u2,  the  last  containing  an  analysis. 
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Kilauea  is  situated,  like  Hilo,  in  a  region  of  almost  daily 
mists  or  rains,  and  if  approaching  Hilo  in  the  precipitation,  as  is 
probable,  over  100  inches  of  rain  fall  a  year.     Tables  give  over 
200  inches  6ome  years  for  Hilo.     The  whole  becomes  subter- 
ranean except  what  is  lost  by  evaporation  ;  for,  owing  to  the 
cavernous  and  fissured  rocks,  there  are  no  running  streams 
over  the  eastern  or  southeastern  slopes  of  the  island  south  of 
the  Wailuku  river  which  comes  down  from  the  northwest  to 
Hilo.     That  which  falls  into  the  crater  and  on  its  borders  gives 
moisture   to  the  many   steaming  fissures;  and  sometimes  it 
makes  a  steaming  area  of  the  whole.     But  this  part  has  very 
little  to  do  with  the  volcanic  action. 

A  part  of  the  subterranean  waters  follow  the  underground 
slopes  seaward,  as  shown  by  copious  springs  in  some  places 
near  the  shores ;  and  these  also  take  no  part  ordinarily  in  the 
volcanic  work.  But  another  part  mu6t  descend  by  gravity 
vertically,  or  nearly  so,  and  keep  on  the  descent  far  below  tie 
sea  level.  It  has  been  shown  on  a  former  page  (p.  16)  that 
much  the  larger  part  of  the  eruptions  have  occurred  in  the 
months  from  March  to  June,  and  this  appears  to  indicate  a 
dependence  of  the  action  to  some  extent,  on  the  abundance  of 
precipitation.* 

Moisture  may  be  gathered  also  from  all  moist  rocks  along 
the  course  of  the  conduit  in  the  depths  miles  below  the  reach  of 
superficial  waters,  as  suggested  by  different  writers  on  vol- 
canoes. But  any  dependence  on  the  amount  of  precipitation 
would  show  that  this  is  not  its  chief  source. 

Another  source  of  water  is  the  sea.  But  sea-water  conld 
not  ordinarily  gain  access  to  the  conduit  except  at  depths  mnch 
below  the  sea-level,  on  account  of  the  abundance  oi  subterra- 
nean island  waters  pressing  downward  and  outward.  Farther, 
no  one  has  yet  reported  evidence  of  the  presence  of  marine 
salts,  or  chlorides,  beyond  mere  traces,  among  the  saline  pro- 
ducts of  Kilauea  or  Mount  Loa  after  an  eruption. 

A  thin!  source  of  moisture  is  the  deep-seated  region  in  or 
beneath  the  crust  whence  the  lavas  come.  Of  this  we  know' 
nothing.  The  fact  that  the  presence  of  such  moisture  below 
would  make  this  a  dangerous  earth  to  live  on  has  been  urged 
against  the  idea  oi  such  a  source. 

Since  all  ordinary  action  in  Kilauea,  and  also  in  Mt.  Loa,  i? 
oi  the  quiet  non-seismic  kind,  the  introduction  of  water  into 
the  conduit  must  be  an  ordinary  and  a  quiet  process,  not  one 
oi  sudden  intrusion  throiurh  fissures.     Sudden  intrusions  may 

*  l'hi>  \i  w  w!::.  rojr.ir:   to  the  s  x:roes  of  the  waters  is  sustained  br  several      j 
writers.     It  i*  wo  *  pre  seated   with  explanations  at  length  as  to  the  water  line  id 
thi*  \oK\r.Uv  mo;*.!iijr:i*.  in  a  p.«por  on  "the  Aeeney  of  Water  in  Volcanic  Erup- 
tion*." by  Trv:.  .kv^eph  Prvstwieh.  Proc   Roy.  Soe..  xli,  11*. 
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etimes  take  place  for  eruptive  effects,  but  of  these  we  are 
speaking.  The  facts  from  the  vesiculation  of  some  lava- 
b  of  Mt  Loa  brought  out  beyond  (page  195)  give  further 
lence  as  to  the  quiet  molecular  occlusion  of  the  waters, 
eover,  the  possibility  of  this  method  of  imbibition  appears 
>e  demonstrated  by  Daubree's  experimental  work,  which 
7e&  that  the  process  will  go  on  through  capillarity  or  mo- 
lar movement,  against  the  opposing  pressure  of  vapors 
iin.*  He  uses  the  fact  to  explain  the  origin  of  volcanic 
ore. 

he  water  seeking  entrance  in  the  depths  below,  more- 
:•,  is  under  pressure  from  above,  and,  whatever  the  temper- 
•e,  the  forcing  of  it  back  against  this  pressure  and  friction 
npossible ;  the  expansive  force  generated  by  the  heat  only 
jes  it  into  the  rising  lava  of  the  conduit,  as  urged  by  Mallet, 
sustained  by  Prof.  Prestwich 
proceed  now  with  the  consideration  of 

•HE  EFFECT  OF  THE  EXPANSIVE  FORCE  OF  VAPORS   IN   THEIR   ESCAPE 
FROM  THE  LIQUID  LAVAS  :    PROJECTILE  ACTION. 

Ill  the  lava-lakes  of  the  crater,  whether  one  alone  exists  or 
)y,  and  the  smaller  vents  over  fires  that  are  concealed  but 

at  too  great  depths,  send  forth  vapors,  which,  in  their 
rt  to  escape  as  bubbles  through  a  resisting  medium,  that 
he  lavas,  do  projectile  work.     The  vapors  thus  produce 

play  of  jets  over  lava  lakes  with  the  muffled  sounds  and 
aor  of  ebullition  ;  and  also  the  splashing  and  the  throwing 
pray  from  open  fire-places  in  the  crusted  lakes.  They  dash 
the  melted  fragments  from  a  blow-hole  with  a  rush  and 
'  "  rivalling  sometimes  a  thousand  engines,"  thus   introduc- 

the  coarser  effects  of  gunnery  into  Kilauea.  They  make 
thin  crust  of  the  crusted  lake  to  heave  and  break,  press  into 
3-like  folds  the  lava  along  the  red  fissures,  or  start  a  new 
r  of  fiery  jets,  high  or  low,  and  frequently  several  in  alternate 
r ;  or,  they  make  openings  and  push  out  a  flood  of  lava ; 

occasionally,  when  rising  in  unwonted  volume,  they  make 
-fountains  of  unusual  heights  over  the  lakes,  with  at  times 
1  detonations. 

he  projectile  force  required  to  throw,  up  jets  of  lava  to  the 
nary  height  they  have  in  times  of  brilliant  activity,  thirty 

or  so  (see  pages  31,  32),  is  even  less  than  a  calculation  from 
height,  diameter  and  density  would   make  it,  because  the 

freologie  Experimentjile,  2  vols.,  8vo,  Paris,  1879,  p.  235. 
e  temperature  of  the  liquid  lava  is  nearly  that  of  the  dissociation  tempera- 
Df  water— 1985°  F.  to  2370°  F.  according  to  M.  H.  St.  Claire  Deville,— and 
>r  thau  this  no  doubt  at  depths  below.     But  that  dissociation  takes  place 
a  the  conduit,  under  the  pressure  there  existing,  is  not  satisfactorily  proved. 
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jets  before  they  reach  their  limit  usually  have  become  divided 
into  clots,  instead  of  remaining  a  continuous  stream. 

The  fact  that  the  throw  in  the  projectile  action  of  a  crater  is 
usually  vertical  is  well  shown  in  some  of  the  columnar  driblet 
cones  This  iv  the  case  in  that  of  tig.  1  below,  in  which 
the  column  was  elongated  vertically,  although  a  result  of  suc- 
cessively descending  drops.  In  the  figure  referred  to,  the  place 
of  ejection  was  at  the  base  of  the  vertical  part,  and  it  is  proba- 
ble that  the  force  which  determined  the  slight  obliquity  in  the 
throw  required  for  so  uniform  a  fall  on  one  side  of  it,  was  that 
of  the  prevailing  wind.  This  vertical  throw, — due  to  the  fact 
that  the  top  of  the  bubble  is  the  weak,  and,  therefore  the  ex- 
ploding spot — makes  the  projectile  action  good  for  throwing 
up,  but  not  good  for  a  destructive  bombardment  of  a  crater's 
walls. 

Common  observations  would  lead  us  to  expect  that  in  a  low 
state  of  the  fires,  when  the  large  lake  is  for  the  most  part 
thinly  crusted  over,  the  point  of  greatest  heat  and  action  would 
be  toward  the  center ;  instead  of  this  it  is  usually  at  the  margin, 
and  often  in  oven-like  places  partly  under  the  cover  of  tie 
border  rocks.  The  only  explanation  that  now  appears  is  this: 
that  along  the  border,  the  outside  cold,  or  that  of  the  atm* 
phere,  is  much  less  felt  than  over  the  central  portion. 

One  of  the  secondary  results,  over  the  floor  of  the  crater,  of 
the-  projectile  work  is  the  making  of  the  fantastic  driblet  cont*, 
formed  often  about  blow-holes  out  of  the  descending  clots 
and  drops,  us  alreadv  explained.  The  forms  of  two  of  these 
cones  are  shown  in  the  following  figureB  :  the  first  from  mj 
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Driblet  Cones. 


eoloirieal  Report  (page  177)  representing  a  foM" 
tun-  about  forty  feet  high  made  of  lava-dropsi 
i  Mr.  Urigham's  Memoir  (page  423),  representing 
i!"  as  sei'ii  by  him  in  1864,  and  also  earlier  and 
Van  (xxxiv.  8S). 
( Vcdsioiiullv  the  particles  of  the  projected  lava  are  small  and 
iK'si'oud  in  small  showers  of  loose  smooth-faced  but  various!? 
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taped  bullets  and  granules  around  the  vent ;  and  this  is  the 
rarest  the  crater  at  present  comes  toward  producing  cinder- 
>nes. 

Besides  making  driblet-cones,  the  projectile  work  raises 
>mewhat  the  borders  of  the  lakes.  Furtner,  the  small  over- 
ows,  lapping  in  succession  over  the  borders,  often  make  them 
eep,  and  keep  increasing  their  height  until  a  heavier  out-flow 
weeps  one  side  or  another  away. 

A  third  incidental  result  of  the  projectile  action  is  the  mak- 
Lg  of  capillary  glass,  or  PeWs  hair,  from  the  glassy  part  of 
le  lavas.  In  the  jetting  and  splashing  of  the  lavas,  the  flying 
lots  and  drops  pull  out  the  glass  into  hairs,  just  as  takes  place 
)  the  drawing  apart  of  a  glass  rod  when  it  is  melted  at  middle, 
'his  is  the  explanation  of  Mr.  Coan  and  others  who  have  ob- 
erved  the  action.  Mr.  Brigham  says  that  "  the  drops  of  lava, 
hrown  up,  draw  after  them  the  glass  thread,  or  sometimes  two 
Irops  spin  out  a  thread  a  yard  long  between  them."  His  new 
)bservations  of  1880  (xxxiv,  22)  accord  with  this  explanation 
Dutare  remarkable  for  the  length  and  size  of  Pele's  tresses  that 
ta  reports  as  hanging  from  the  roofs  of  the  fiery  recesses.  In 
my  visit  in  1840  to  one  of  the  smaller  boiling  lakes,  I  saw  the 
rising  and  falling  jets,  and  the  work  of  the  winds  in  drifting 
ie  spun  glass ;  but  my  conclusion  erred  in  attributing  the 
pinning  also  to  the  winds. 

Captain  Dutton's  observations  led  him  to  another  explana- 
on,  as  follows:*  "  The  phenomenon  of  Pele's  hair  has  gener- 
'jr  been  explained  as  the  result  of  the  action  of  the  wind 
>on  minute  threads  of  lava  drawn  out  by  the  spurting  up 
boiling  lava.  Nothing  of  the  sort  was  seen  here,  and  yet 
*le's  hair  was  seen  forming  in  great  abundance.  Whenever 
&  surface  of  the  liquid  lava  was  exposed  during  the  break  up 
^  air  above  the  lake  was  filled  with  these  cobwebs,  but  there 
^  no  spurting  or  apparent  boiling  on  the  exposed  surface." 
^  then  speaks  of  the  vesicles  made  by  the  energetic  escape  of 
^ter-vapors,  as  solidification  at  the  surface  commences,  and  of 
^ir  u  walls  as  capable  of  being  drawn  out  into  threads  as  in  the 
^e  of  glass."  The  descending  of  the  pieces  of  cooled  crust 
produces  eddies  and  numberless  currents  in  the  surface  of  the 
v-a ;"  and  as  a  consequence  "  the  vesicles  are  drawn  out  on  the 
-Wace  of  the  current  with  exceeding  tenuity,  producing 
yriads  of  minute  filaments  "  and  the  air  agitated  by  the  heat 
lifts  and  wafts  them  away."  "It  forms  almost  wholly  at  the 
Line  of  a  break-up  ;  the  air  is  then  full  of  it:" 

The  microscopic  structure  of  the  capillary  glass  has  been 
tudied  with  care  by  C.  Fr.  W.  Krukenberg.f      In  his  fifty 

•Report,  p.  108. 

f  Micrographie  der  Qlasbasalte  vora  Hawaii ;  petrographische  Untersuchung, 
8  pp.  8yo,  with  4  plates;  Tubingen,  1877. 
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figures,  a  few  of  which  are  here  copied,  the  glassy  fibers  are 
sometimes  forked  or  branching ;  sometimes  welded  at  crossings ; 
often  contain  air-vesicles  (3,  4),  and  microscopic  crystals  (1,  2, 
5) ;  often  tubular  (1,  2)  through  the  drawing  out  of  a  minute 


Pele's  Hair.     (Krokenberg.) 

air-vesicle.  They  also  show  that  the  air- vesicles  sometimes  con- 
tinued expanding  as  the  glass  was  drawn  out ;  and  that  the 
hair  is  often  enlarged  about  enclosed  crystals.  The  crystals  are 
rhombic,  as  in  the  figures.  The  facts  make  it  evident  that  the 
glass  is  far  from  being  pure  glass. 

8.   THE  EFFECTS  OF  THE  EXPANSIVE  FORCE  OF  VAPORS  WITHIN  THE  LAVAS: 
VESICULATION  AND  ITS  MECHANICAL  EFFECTS. 

a.  Origin. — Vesiculation,  the  making  of  bubble  like  cavities 
in  a  melted  rock,  is  a  noiseless  unseen  effect  of  the  vapors  that 
are  rising  and  expanding  within  the  lavas.  The  expansion 
necessary  to  produce  them  is  resisted  by  the  cohesion  in  the 
lava,  and  by  the  pressure.  Consequently  it  is  a  very  common 
feature  of  the  easily  fusible  volcanic  rock,  basalt,  but  not  of 
trachyte  or  rhyolyte,  except  in  pumice,  the  glassy  scoria  of 
these  rocks ;  and  even  this  glass  (obsidian)  commonly  holds  to 
its  moisture,  if  it  contains  any,  without  vesieulating. 

Owing  to  superincumbent  pressure,  the  maximum  depth  of 
vesicles  is  small,  as  has  long  been  recognized ;  but  how  small 
in  basalt,  or  anv  other  rock,  has  not  been  ascertained  by  ex- 
periment.  It  probably  does  not  occur  in  the  Hawaiian  Islands 
below  a  depth  of  200  feet.  Above  the  lower  limit,  vesicles 
may  increase  in  number  and  size  toward  the  surf  ace,  and  be 
largest  in  the  scum  or  crust,  as  within  Kilauea ;  but  this  varia- 
tion upward  is  not  always  a  fact. 

b.  Kind*. — Five  styles  of  vesiculation  may  be  distinguished 
in  the  Kilauea  ejections,  two  of  which  characterize  stony 
lavas,  and  three  scorias. 

(1)  That  of  the  ordinary  lava-stream  of  the  floor  of  the  pit. 
The  vesicles  are  oblong  and  of  irregular  shape,  and  constitute 
from  less  than  1  to  50  or  00  per  cent  of  the  mass  of  the  rock. 
The  form  is  spherical  when  the  vesicles  are  very  few  and  small. 

(2)  That  of  the  common  stony  fipherically-vesiculated  lava. 
The  vesicles  make  30  to  60  per  cent  of  the  mass,  and  are  too 
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lall  to  be  elongated  much  by  the  flow.  This  kind  of  lava 
cure  in  streams  outside  of  Kilauea,  and  in  many  about  the 
>pes  of  Mt.  Loa. 

The  best  example  of  it  I  have  seen,  and  the  basis  of  the  fol- 
ding description,  is  that  of  the  1880-81  Mt.  Loa  flow,  near 
ilo.     The  small  uniformly  crowded  vesicles  constitute  about 

>  per  cent  of  the  mass.  They  characterize  the  lava,  with 
wcely  any  change  in  size  and  numbers,  to  a  depth  (as  I  found 

a  tunnel  within  the  lava  stream  whose  floor  was  similar)  of 

>  or  12  feet  Below  this  depth  of  10  or  12  feet,  the  lava,  as 
learned  from  Rev.  E.  P.  Baker  of  Hilo,  is  probably  more 
lid,  this  being  usually  the  case. 

The  scoriaceous  kinds  are : 

(3)  That  of  the  glassy  scoriaceous  crust  of  the  lava  stream 
side  of  Kilauea,  and  of  the  scum  of  its  lava-lakes  (xxxiv,  354). 
he  vesicles  are  65  to  75  per  cent  of  the  mass ;  they  are  elon- 
ited  ;  those  at  top  mostly  closed ;  those  of  the  bottom  of  the 
xist  commonly  very  large.     The  crust  of  the  lake  is  sometimes 

•  thin  that  stones  thrown  on  it  slump  through.  The  glass  is 
isily  fusible  and  hence  its  rapid  fusion  and  cooling.  An 
lalysis  of  this  scoria-crust  made,  at  my  request,  by  Professor 
».  D.  Allen,  proved  it  to  have  the  composition  of  ordinary 
asalt.*  No  analysis  has  been  made  of  the  stony  lava  of 
kilauea  for  comparison. 

(4)  Ordinary  scoria,  such  as  is  common  about  cinder-cones 
ntside  of  the  crater,  mostly  stony  in  texture ;  the  vesicles  65 
)  95  per  cent  of  the  mass. 

(5)  Spongy,  thread-lace  glas6  scoria,  occurring  as  a  layer  12 
)  16  inches  thick  over  the  southwestern  border  of  Kilauea 
cxxiv,  359) ;  the  vesicles  98  to  99  per  cent  of  the  mass ;  their 
alls  in  the  coarser  varieties  sieve-like  or  reticulated ;  in  the 
ner,  like  thread-lace  in  texture.  Similar  spongy  scoria  is 
sported  as  occurring  at  the  summit  of  Mt.  Loa  ana  about  the 
mrces  of  some  of  the  Mt.  Loa  lava-flows ;  but  I  have  seen  no 
>ecimens.  Since  a  cubic  inch  of  the  finer  thread-lace  scoria  con- 
tins  only  1*7  per  cent  in  bulk  of  rock  material,  a  layer  of  solid 

*  Professor  Allen's  analysis  (this  Journal,  III,  xviii.  134,  1879)  is  in  column 
below.  For  comparison,  the  composition  is  added  of  (B)  the  doleryte  (diabase) 
West  Rock,  New  Haveo,  Conn ,  of  Triassic  age,  by  Mr.  6.  W.  Hawes  (Ibid., 

186,  1875),  and  of  (C)  a  •' typical"  basalt  from  Buffalo  Peak,  east  of  the  west 
•k  of  the  Platte,  between  the  two  Parks,  by  R.  W.  Woodward  (Geol.  40th  Par- 
el,  vol.  it,  Descript.  Geol.,  p.  126,  1877). 

SiO,  A1,0,  Fea03  FeO  MnO  MgO   CaO  Na,0  K,0   ign.  P906 

50-75   1654  2-10  788  trace  765   11  96  213  0  56  035  =  9992 

51*80  14-21   355  8  26    0  42  7*63   10-68  2*15  039  063  0*14  =  99*86 

49-04  18-11   2-71  7-70  (race  4  72     7  11  422  211   129    TiOa  246  =  9947 

[  add  that  I  do  not  cite  here  the  analyses  of  the  rocks  and  volcanic  glass  of 
lauea  made  by  another  for  me  and  published  in  my  Expedition  Report,  because 
>y  are  erroneous  and  should  be  rejected. 
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basalt  glass  one  inch  thick  would  be  sufficient  to  make  a  60-inch 
layer  of  the  spongy  material ;    and  probably  a  75  to  a  100-inch 


liiwi  i'l    lli<'  m;;o!t  :Ki»rv  *\  >":::*.  »*ii.  o»»»re«?r  variety,  in  which  are 
■ti'iin'  tavsv  *  iWW  inv*si<*«*'.'y  ha'*"  a  onbie  inch  in  size. 
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3icles  of  the  finer  kind  are  mostly  ^th  to  ^th  of  an 
ameter,  like  those  of  the  1880-'81  Mt.  Loa  flow;  but 
s  are  reduced  to  threads  corresponding  to  the  edges 
nal  vesicles.  Figure  1  shows  the  general  appearance 
rface  in  a  magnified  view.  The  forms  of  the  skele- 
tal cells  are,  for  the  most  part,  either  12-sided  or 
figures,  having  a  perimeter  of  ten  or  twelve  pentag- 
iu  two  alternating  rows,  and  bases  of  five  or  six  sides, 
ded  cells  are  bounded  by  the  edges  of  pentagonal 
Irons  such  as  come  from  the  mutual  pressure  of 
xcept  that  they  are  distorted  usually  by  compression, 
longation  or  abbreviation.  The  14-sided,  wnich  are 
e  most  common,  are  similar  to  the  12-sided  in 
>rm,  but  have  hexagonal  bases.  Fig.  2  is  a  side  view 
\  an  end  view  of  one  Sf  the  latter  kind,  and  fig.  4 
;roup  of  such  cells,  as  seen  over  the  surface  of  the 
ut  or  broken  surface,  for  it  is  impossible  to  handle  a 
the  scoria  without  breaking  off  bits  of  the  brittle 
Fig.  6  is  another  of  the  14  sided  kind  of  less  sym- 
brm,  as  is  common.  One  of  the  pentagonal  dodeca- 
\  shown  in  fig.  7,  and  another  in  fig.  8. 
is  often  a  more  complex  system  of  network  through 
>ssing  contour-threads,  but  the  simpler  forms  are 
to  those  represented.  The  inside  of  the  base  of  one 
£e  and  therefore  less  regular  forms  is  shown  in  fig.  5, 
iter  was  about  ^th  of  an  inch.  In  the  largest  vesi- 
ralls  are  openly  reticulated. 

reads,  of  this  thread-lace  scoria  are  not  rounded,  but 

parts  of  the  contours  of  the  three 
elliptical  cells  that  were  there  in 
contact ;  and  fi^.  9  shows  a  por- 
tion of  one.  Having  this  form, 
the  glassy  material  of  the  threads 
is  thickest,  and  therefore  of  dark- 
est color,  at  the  center ;  and  they 
are  still  thicker  and  darker  at 
the  angles  or  junctions  of  three 
This  glassy  scoria  calls  to  mind  the  vesiculation  of  an 
by  a  high  heat,  converting  it  into  pumice  or  scoria 
f  its  occluded  water,  as  illustrated  by  Professor  Judd, 
by  Mr.  Iddings  in  experiments  with  the  obsidian  of 
>wstone  Park.  The  Kilauea  glass  must  have  been 
i  molecularly  with  water  to  have  produced  such  a 
ts  ejection  took  place  after  the  violent  projection  of 
es ;  and  apparently  not  long  after,  as  it  overlies  directly 
of  stones.  The  conditions  of  origin  in  the  cases 
summit  of  Mt.  Loa  I  cannot  give.    33ut  the  descrip- 
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tions  seem  to  imply  that  the  spongy  scoria  there  is  one  of  the 
results  of  high  jettiiigs  or  fountain-like  throws  of  the  lava  dar- 
ing an  eruption  ;  it  may  be  a  light  form  of  ordinary  scoria. 

The  minute  delicacy  and  bnttleness  of  the  threads  in  this 
scoria  suggests  a  way  of  making  fine  dust  by  volcanic  action, 
which  is  much  more  reasonable  than  that  of  mutual  friction  of 
projected  fragments  of  scoria  of  the  ordinary  kind;  it  thus 
help  in  the  understanding  of  the  lofty  dust  clouds  of  Krakatao 
and  Tarawera. 

e.  Amount  of  moisture  required  for  vesiculation^  its  distri- 
bution ,  and  its  origin.  —The  facte  derived  from  the  crowded 
vesiculated  lava  of  1880-1881,  reaching  from  its  source  down  to 
Hilo,  over  80  miles,  and  throughout  the  whole  range  remarka- 
ble for  uniformity  and  for  depth  in  the  stream,  besides  giving 
an  opportunity  to  study  the  origin  of  the  vesiculation  and  the 
amount  of  moisture  it  requires,  presents  also  evidence  as  to  the 
origin  of  the  moisture  in  the  conduit  and  its  condition. 

(1)  As  I  learn  from  Rev.  E.  P.  Baker,  the  vesicles  change 
little  toward  the  summit  except  in  becoming  coarser,  with 
thinner  walls,  at  the  source.  From  the  mean  size,  JT  inch  in 
diameter,  we  obtain  for  the  size  of  th<e  particle  of  moisture 
required  at  the  ordinary  pressure  to  fill  one  of  the  vesicles, 
•000,000,007  of  a  cubic  inch.  What  the  size  actually  was, 
under  the  pressure  and  the  temperature  that  existed  at  the 
time  of  vesiculation,  cannot  be  determined.  But  this  much  we 
learn,  that  the  moisture  was  distributed  throughout  the  lava  in 
a  state  of  extreme  division,  actually  or  essentially  that  of 
molecular  diffusion. 

(2)  The  space  in  the  vesicles  is  40  per  cent  of  the  mas©, 
as  determined  from  the  specific  gravity  of  the  rock-material- 
2*98,  and  that  of  the  mass  with  the  surface  varnished  to  exclude 
the  water,  1*88.  The  required  water  is  hence  O003  per  cent 
of  the  mass ;  or  by  weight  '0001  per  cent ;  showing  that,  tk*' 
amount  of  water  required  for  the  vesiculation  is  exceedingly/ 
small. 

From  the  thread-lace  scoria  we  find,  since  only  1*7  percent 
of  the  mass  is  solid  glass,  that  the  amount  of  moisture  require<3 
to  produce  the  vesiculation,  at  the  ordinary  pressure,  woul*i 
be  8*125  per  cent  of  bulk,  and  1*1  per  cent  by  weight  IV  ^ 
amount  of  moisture  was  hence  not  unusual  for  a  rock,  althou^l: 
the  vesicles  occupied  08*3  per  cent  x)f  the  mass. 

i'8)  The  source  of  the  flow  of  1880,  1881,  according  to  ML"* 
Baker,  was   about  11,100  feet  above   the   sea-level.     This      ~5 
2575  feet  below  the  summit  of  Mt.  Loa,  or  about  1600  fi 
below  the  bottom  of  the  summit  crater.    Before  the 
the  liquid   lavas  were   active  within   tha  .mmhtmi^bmt  ml 
length  of  the  conduit  **" 
about  1800  feet     C 
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liquid  lava  no  vesiculation  could  have  taken  place  at  this 
pth  inside  of  the  conduit ;  but  at  the  discharge,  the  lavas 
taped  from  the  pressure,  and  the  vesiculation  by  means  of 
3  diffused  moisture  must  have  then  begun.  Whether  the 
siculation  for  the  whole  stream  took  place  at  or  near  the 
orce  cannot  be  decided  without  more  knowledge  of  the  flow 
d  its  actual  sources  than  we  now  have.  (See  further  on  the 
immit  crater,  in  a  future  part  of  this  paper.)  * 
(4)  The  facts  also  tend  to  sustain  the  conclusion,  before 
pressed,  that  the  ingress  of  the  subterranean  waters,  what- 
er  their  source,  took  place  by  molecular  absorption ;  for  it 
oduced  an  essentially  equable  molecular  distribution 
d.  The  distribution  and  functions  of  moisture  after  recep- 
m  into  the  conduit. — (1 )  The  above  conclusions  from  the  vesi- 
lation  have  prepared  the  way  for  additional  deductions  as  to 
3  distribution  and  movements  of  the  moisture  in  the  con- 
it.  After  its  reception,  it  is  exposed  to  a  heat  at  least  1500° 
beyond  the  critical  point  of  water  (773°  F.)  and  retains  the 
nperature  of  fusion  to  the  surface.  If  the  expansive  force 
J  at  the  ingress  under  the  pressure  any  effective  value,  the 
session  of  the  moisture  will  diminish  somewhat  the. density 
the  lava,  that  is,  increase  its  bulk ;  and  this  increase  will  be 
latest  along  the  central  region  of  the  conduit  because  this  is 
>  region  of  greatest  heat.  If  dissociation  takes  place,  the 
rease  is  still  greater,  as  it  adds  to  the  bulk  of  the  moisture, 
is  a  Question,  therefore,  whether  the  pressure  of  the  denser 
eral  lavas  of  the  conduit  would  not  have  6ome  effect  toward 
>ducing  an  upward  movement  along  the  hotter  central 
fion. 

2)  The  mechanism  of  the  volcano,  as  regards  these  inside 
3ore,  seems  then  to  be  this:  (1)  a  molecular  absorption,  at 
:>ths  below,  of  subterranean  waters  from  regions  either  side ; 

a  rise  of  the  lavas,  thus  supplied  with  moisture,  along  the 
iduit  from  some  cause  (see  beyond  on  "  the  ascensive  force 
the  conduit  lavas")  and  perhaps  partly  in  consequence  of 

vapors  present ;  (3)  after  reaching  a  level  where  the  pres- 
e  is  sufficiently  diminished,  a  union  of  the  molecules  of 
ter  into  gas- particles,  producing  by  their  expansive  force 
iculation ;  (4)  a  further  union  of  particles  into  bubbles, 
en  the  vapors  are  sufficiently  abundant,  in  order  to  exert  the 
ater  expansive  force  required  to  escape  through  the  surface 
the  lavas,  producing  projectile  results. 

.  Mechanical  effects  of  vesiculation. — Vesiculation  tends  in 
uiet  way  to  increase  bulk,  as  the  above  mentioned  facts  illus- 
te.  It  therefore  will  give  increased  height  to  the  liquid 
a  in  a  conduit.  How  deep  down  this  effect  is  appreciable  is 
oint  of  much  importance  in  its  bearing  on  the  movements 
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and  levels  of  the  lavas  of  conduits.  If  only  to  a  depth  of 
200  feet,  an  average  of  20  per  cent,  of  vesicles  would  add 
only  40  feet  to  the  neight  or  level  of  the  surface. 

But  if  the  vapor  particles  at  all  deeper  depths  are,  through 
their  expansive  force,  undergoing  gradual  expansion  as  thej 
work  their  way  or  are  carried  upward,  we  are  still  further  in 
the  dark  as  to  the  amount  of  enect  of  vapors  on  the  bulk  of 
the  lavas  in  a  conduit.  After  my  observations  of  1840,  I  was 
led  to  question,  as  I  state  in  my  Expedition  Report,  whether 
the  effects  from  this  means  might  not  be  sufficient  to  account 
for  much  of  the  excess  of  elongation  of  the  Mt.  Loa  column 
over  that  of  Kilauea.  This  is  obviously  not  so.  But  how 
much  the  elongation,  is  an  important  question,  and  it  has  still 
to  remain  unanswered. 

4.   WORK  OF  VAPORS  GENERATED  OUTSIDE  OF  THE  CONDUIT:   FRACTURES, 

DISPLACEMENTS  AND  OTHER  RESULTS. 

The  conduit  has  hot  rocks  around  it ;  and  beneath  the  floor 
of  the  crater  there  are  hot  rocks  about  and  over  its  upper  ex- 
tremity. The  descending  waters  are  driven  back  as  vapor,  and 
usually  in  a  harmless  manner.  But  a  sudden  incursion  of  sub- 
terranean waters  happening  under  any  circumstances,  might 
produce  confined  vapors  of  great  force.  The  natural  effects 
of  the  pressure  of  such  confined  vapors  are  fractures,  elevations 
and  subsidences,  and,  where  pressure  is  brought'to  bear  in  a 
confined  place  on  a  source  of  liquid  lavas,  their  injection  into 
any  open  fissure  at  hand. 

These  effects  belong  mostly  to  times  of  eruption ;  but  in  a 
lighter  form,  they  may  be  part  of  the  ordinary  work  of  the 
crater.  The  lava-lakes  of  the  bottom,  even  in  quiet  times* 
often  have  large  over-flows,  and  also  out-flows  through  fissures? 
that  is  both  vujk  rrtumt  and  ejHutnt  discharges ;  and  it  is  probable 
that  the  cause  here  considered  may  be  the  occasion  of  pari  o"f 
them. 

Confined  vapors  are  often  generated  also  by  the   action  of 
the  heat  of  a  lava-How  on  moisture  underneath.     As  rains  fall 
almost  everv  dav  at  Kilauea,  there  must  be  more  or  less  moi^- 
ture  underneath  many  parts  of   the  cold  floor;  and  if  a  fe^ 
hours  flow  from  the  great  lake  should  flood  it  with  liquid  rock, 
its  2000°  K.  which  the  bottom  of  the  stream  carries  along  and 
does  not  at  once  lose,  would  make  vapor  out  of  the  moisture, 
having  groat  expansive  force.     The  large  dome-shaped  bul#- 
injjs  of  the  lava-streams  and  other  undulations  of  the  surface  are 
thus  accounted  for  on  a  former  page  (xxxiv,  356) ;  and  inanv 
of  the  steaming  fractures  of  the  floor  as  well  as  those  of  the 
domes  may  have  the  same  origin. 

The  next  topic  under  the  head  of   the  Ordinary  work  of 
Kilauea  is  "  the  Ascensive  force  of  the  conduit-lavas." 

[To  be  continued.] 
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RT.  XX. — The  Taconic  System  of  Emmons,  and  the  use  of 
the  name  Taconic  in  Geologic  nomenclature  :  by  Chas.  D 
Walcott,  of  the  U.  S.  Geological  Survey.     With  Plate  III. 

The  nomenclature  employed  in  classifying  geologic  forma- 
ons  and  terranes  should  be  based  upon  priority  of  definition 
id  upon  the  accuracy  of  the  original  observations ;  the  latter 
>  be  judged  by  the  testimony  of  the  formations  within  the 
reas  where  they  were  first  made.  If  the  original  proposer  of  a 
Jme  bases  it  upon  such  errors  of  observation  and  interpreta- 
on  that  subsequent  observers  cannot  verify  his  work,  and  the 
tine  can  only  be  used  by  dropping  a  name  proposed  as  the 
suit  of  accurate  observation  and  definition,  the  latter  should 
retained. 

There  is  another  principle  that  has  been  frequently  over- 
fried  in  discussions  relating  to  the  nomenclature  to  be  applied 
geologic  formations  and  groups  of  formations  forming  ter- 
ies.  It  is  this :  In  the  evolution  of  stratigraphic  ana  his- 
•ic  geology,  stratigraphic  geology  preceded  paleontologic 
atigraphy :  that  is,  the  succession  of  strata  for  a  given  geolo- 
t  province  was  first  determined  and  then  the  succession  of 
£anic  remains  in  the  strata.  This  has  been  so  far  perfected 
it,  in  mefet  instances,  the  known  succession  of  life  in  a 
ologic  terrane  in  one  province  can  be  compared  with  that  in 
ne  other  not  geographically  connected  with  it :  also,  different 
:tions  of  strata  in  the  same  province  may  be  compared  with 
3  another  when  the  continuity  of  the  strata  is  broken. 
om  this  it  follows :  First :  that  the  unit  of  geologic  nomen- 
rture  is  the  formation  as  lithologically  determined,  and  the 
cnbination  of  these  units  in  any  given  section  builds  up  the 
eater  geologic  divisions.  Second :  that  the  means  of  corre- 
ion  oi  the  formations  and  terranes  of  one  province  with 
Dse  of  another,  is  by  the  order  of  succe^ion,  as  stratigraph- 
dly  determined,  of  the  contained  organic  remains  of  the 
ipective  formations  and  terranes. 

A  paleontologist  should  rely  largely  upon  the  evidence  of 
ologic  age  furnished  by  the  fossils;  but  at  the  same  time,  as 
geologist,  he  should  endeavor  to  obtain  their  stratigraphic 
•sition  and  order  of  succession  in  each  geologic  province. 
Q  example  of  the  desirability  of  this  is  shown  by  the  vertical 
stribution  of  the  Devonian  fauna  in  central  Nevada,  where 
reral  species  of  the  Lower  Devonian  fauna  of  New  York  oc- 
r  at  the  Upper  Devonian  horizon,  in  the  Eureka  district, 
ltroduction  to  Monograph  viii,  U.  S.  Geol.  Survey). 

iu.  Jour.  Sci.— Third  Series.  Vol.  XXXV,  No.  207.— March,  1888. 
14 


230      C.  D.  Walcott — The  Taconic  System  of  Emmons. 

With  the  preceding  statements  in  mind,  I  take  up  the  ques- 
tion of  the  "Taconic  System  "  in  geology,  as  one  that  can  only 
be  intelligently  understood  and  decided  by  the  application  of 
the  principles  contained  in  them. 

In  pursuance  of  a  general  plan  the  subject  matter  is  arranged 
under  the  following  heads : 

1.  The  Taconic  Area  and  geologic  work  within  it. 

2.  Geology  of  the  Taconic  Area  as  known  at  thepresent  time. 

3.  Geology  of  the  Taconic  Area,  as  known  to  I5r.  Emmons. 

4.  Comparison  and  discussion. 

5.  Nomenclature. 

THE    TACONIC    AREA   AND    GEOLOGIC   WORK  WITHIN   IT. 

The  Taconic  Area. — The  Taconic  area  includes  the  Taconic 
range  which  trends  north  and  south,  nearly  on  the  boundary 
line  between  the  States  of  New  York,  Vermont,  Massachusetts, 
and  Connecticut,  and  the  country  immediately  adjacent  to  the 
range,  on  the  east  and  west.  In  this  area  Dr.  Emmons  first 
studied  and  elaborated  the  theory  of  the  "  Taconic  System"  of 
rocks. 

For  the  purpose  of  reinvestigation  the  counties  of  Wash- 
ington, and  Rensselaer,  N.  Y.,  Bennington,  Vt,  and  Berkshire, 
Mass.,  were  taken  as  the  typical  Taconic  area,  as  they  contain 
sections  of  all  the  formations  spoken  of  by  Dr.  Emmons  and, 
also,  nearly  all  the  localities  cited  by  him,  where  the  facts  sus- 
taining the  theory  which  he  proposed  could  be  verified. 

(ivoltHjic  irorlc  within  the  Taconic  Area* — Quite  earlv  in 
the  course  of  my  study  of  the  history  of  the  investigation  of  the 
strata  now  referred  to  the  Cambrian  System  in  America  I  be- 
came acquainted  with  the  voluminous  literature  of  the  Taconic 
controversy,  and  learned  that  two  geologists  only  had  studied  the 
typical  Taconic  area  with  any  considerable  degree  of  thorough- 
ness. The v  were  :  Dr.  Emmons,  who  founded  the  "  Taconic 
Svsteni  "  as  the  result  of  his  observations,  and  Prof essor  James 
D.  Dana,  who  studied  the  strata  referred  to  the  "Lower  Ta 
conic"   hv   Dr.  Emmons.     Before  Dr.  Emmons  entered  the 

*  For  an  historical  review  of  the  field  work  and  also  of  the  opinions  relating 
to  the  "Taconic  System"  the  reader  is  referred  to  Dr.  Emmons's  memoir  io  the 
A  .uric.  X.  V..  vol.  i.  1 847.  and  to  the  review  of  the  Taconic  System  in  his  Amer- 
ican lieolojry,  pt.  2.  1850:  also  to  the  various  publications  of  Prof.  Jules  Marcoa 
on  the  Taeonie  System,  especially  "The  Taconic  System  and  its  position  in  Strati- 
graphic  l i colony  "  ^Proc.  Amer.  Acad.  Sci.  and  Arts,  vol.  xii,  1885);  to  Dr.  T.S. 
Hunt's  memoir  on  "The  Taconic  Question  in  Geology  "  (Mineral  Physiology  and 
V\\\  sio^raphy,  pp.  Mrt-GSG,  1SSG),  also,  "  The  Taconic  Question  Restated  '*  (Amer. 
Nat.  I'Vk.  March  and  April,  vol.  xxi,  1887);  Prof.  Jas.  D.  Dana's  paper  on  "The 
History  o(  Taconic  investigation  previous  to  the  work  of  Prof.  Emmons  "(Amer 
.lour.  Sci  ,111.  vol.  xxxi.  pp.  HW-401.  1886),  and  many  references  in  the  seriesof 
papers  on  the  results  oforiirinal  investigations  in  the  Taconic  area,  pu bushed  from 
1872  to  1887,  by  Prof.  Dana. 
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Professors  Dewev  and  Amos  Eaton  had  studied  more  or 
of  the  Taeonic  region,  and  the  data  obtained  by  them  were 
laterial  aid  to  Dr.  Emmons. 

mong  others  who  have  examined  portions  of  the  area 
ied  by  Dr.  Emmons  previous  to  1844,  are :  Dr.  W.  W. 
her,  of  the  geological  survey  of  New  York,  who  made  a 
nnoissance  of  the  portion  within  New  York  State  (Geol. 
r.,  Rep.  First  Geol.  Dist,  1842) ;  Prof  essor  James  Hall,  who 
nined  a  section  crossing  from  the  Hudson  River  to  the 
en  Mountains  (Proc.  Assoc.  Am.  Geol.  and  Nat,  p.  68, 
!>),  and  the  Professors  W.  B.  and  H.  D.  Rogers  who 
lied  a  section  extending  from  the  Massachusetts  side  of  the 
onic  area  to  the  Hudson  River  (loc.  cit,  p.  67  :  also,  Proc. 
.  Phil.  Soc,  vol.  ii,  pp.  3  and  4,  1841).  The  Professors 
rard  and  C.  H.  Hitchcock  described  and  mapped  the  strata 
rred  to  the  "  Taeonic  System  "  in  Vermont,  and  discussed 
question  of  their  geologic  age  (Geol.  Vt.,  1862).  Subse- 
Qtly,  Professor  C.  H.  Hitchcock  made  a  series  of  sections, 
sing  the  "  Taeonic  System  "  in  Vermont  (Bull.  Am.  Mus. 
.  Hist,  vol.  i,  1884).  The  observations  made  by  Mr.  S.  W. 
d,  from  1874  to  1886,  in  the  counties  of  Rensselaer  and 
umbia,  N.  Y.,  have  furnished  important  data  on  the  forma- 
8  examined  by  him  that  will  be  referred  to  again.  Some 
he  results  obtained  by  the  geologists  mentioned  will  be 
cen  of  under  the  head  of  4i  Comparison  and  Discussion." 
)r.  T.  S terry  Hunt,  Professor  Jules  Marcou  and  Professor 
EL  Winchell  have  all  written  at  length  upon  the  "  Taeonic 
tem,"  but  I  have  been  unable  to  discover  that  either  of 
$e  gentlemen  have  made  any  field  observations  in  the  typical 
onic  area  * 

n  searching  for  data  to  aid  me  in  forming  an  opinion  respect- 
the  value  of  the  name  Taconiq  in  American  geologic  nom- 
lature,  I  found  that  there  was  such  a  wide  divergence  of 
nion  among  the  geologists  who  had  studied  the  u  Taeonic 
tern  "  in  the  field  and  those  who  had  formed  opinions  upon 
rom  partial  observations  in  other  areas,  and  the  data  given 
Dr.  Emmons  and  the  Professors  Hitchcock  and  Professor 
na,  that  there  seemed  to  be  no  way  to  settle  the  questions 
asue  except  by  investigating  the  original  Taeonic  area  and 
ntifying  and  mapping  all  the  formations  within  it  except 
areas  mapped  by  Professor  Dana  and  the  Professors  Hitch- 
t     The  necessity  of  ascertaining  the  age  of  the  different 

Dr.  Hunt's  later  opinions  appear  to  have  been  influenced  by  his  geologic  obser- 
ms  in  Pennsylvania,  and  by  certain  theoretio  views  founded  on  the  lithologic 
icters  of  the  "  Lower  Taeonic  "  rocks.  Professor  Marcou  examined  the  ex- 
on  of  the  "Upper  Taeonic"  strata  in  Northern  Vermont  and  Professor 
shell  appears  to  have  studied  the  publications  of  Messrs.  Emmons,  Marcou  and 
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formations  by  paleontologic  evidence,  was  also  imperative,  as 
their  Hthologic  characters  were  of  little  comparative  value  out- 
side of  the  Taconic  area  owing  to  local  differences  in  the  orig- 
inal sedimentation  and  to  the  subsequent  alteration  of  the  strata 
by  metamorphic  agencies. 

With  the  assent  of  the  Director  of  the  Geological  Survey  I  be- 
gan field  work  during  the  season  of  1886  and  continued  it  until 
the  close  of  the  field  season  of  1887.     A  few  of  the  results  of  this 
work  were  given  in  a   paper  entitled  u  Geologic  Age  of  the 
Lowest  Formations  of  Emmons's  Taconic  System,"  and  read 
before  the  Philosophical  Society  of  Washington,  January  loth, 
1887,  a  brief  abstract  of  which  was  published  (this  Journal, 
vol.   xxxiii,  p.    153,  1887V     On  the  22d   of  April,  1887,  I 
read  a  paper  before  the  National   Academy  of  Sciences,  at 
Washington,   bearing  the    title:   uThe   Taconic  System  of 
Emmons."     In  it  were  given  the  results  of  my  studies  up  to 
that  date ;  and  1  exhibited  a  geologic  map,  and  a  cross-section, 
of  the  Taconic  area.     As  I  was  soon  to  return  to  the  field  this 
last  mentioned  paper  was  not  published.* 

Previous  to  studying  the  geology  of  the  Taconic  area  I 
worked  during  portions  of  the  field  seasons  of  1883-4  on  the 
"  Upper  Taconic  "  strata  of  Northern  Vermont  and  published 
a  part  of  the  results  in  the  introduction  to  Bulletin  Thirty  of 
the  U.  S.  Geol.  Survey,  1886. 

GEOLOGY    OF   THE  TACONIC  AREA    AS    KNOWN  AT   THE  PRESENT 

TIME. 

The  section  (see  map)f  crossing  the  Taconic  area  shows  the 
general  position  and  relation  of  the  strata,  and  their  geographic 
distribution  is  given  on  the  map.  In  a  report  on  tne  geology 
of  Washington  County,  N*.  Y.,  I  shall  describe  the  geologic 
section  in  detail.  For'  the  present  purpose,  however,  w 
section  and  map,  supplemented  by  notes  on  the  geologic  for- 
mations, will  I  think  give  the  data  required  for  a  clear  under- 
standing of  the  geologic  terranes.  Beginning  on  the  east,  the 
terranes  will  be  mentioned  in  the  order  they  are  met  within 
passing  westward  from  the  pre-Cambrian  crystalline  gneisses  of 
the  Green  Mountains  to  the  Hudson  River,  and  each  will  be 
given  a  number  by  which  to  identify  it  in  subsequent  referen- 
ces. 

One  of  the  best  localities  to  see  the  contact  between  the  pre- 
Cambrian  crystalline  gneiss  and  the  overlying,  bedded  quartzite 

*  A  short  abstract  of  it  wa*  sent.  June  8th.  1887,  to  Professor  N.  II.  Wincbell. 
reporter  on  the  lower  Paleozoic  rocks  to  the  American  Committee  of  the  Inten- 
tional Congress  of  deolocists.  and  was  subsequently  withdrawn  owiug  to  li* 
field  work  of  the  season  of  1887  having  negatived  and  rendered  obsolete  several 
of  the  conclusions  therein  expressed. 

f  To  be  inserted  with  the  second  part  of  this  paper. 
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i  the  western  crest  of  Clarksburg  Mountain,  northeast  of 
liamstown,  Mass.  It  is  one  of  Dr.  Emmons's  typical  local- 
,  and  it  has  also  been  examined  by  Professor  C.  H.  Hitch- 
:,  who,  in  speaking  of  tliQ  relations  of  the  quartzite  to  the 
&n  Mountain  gneiss,  says : 

3.  Still  more  decisive  is  the  fact  that  the  lowest  layer  of 
quartzite  has  been  derived  from  the  ruins  of  the  gneiss. 
i  stratum  is  a  conglomerate,  containing  many  pebbles  of  a 
iliar  blue  quartz,  and  has  been  observed  at  Clarksburg, 
8.,  Sunderland,  East  Wallingford,  Tfcipton,  and  in  Lauzon 
glomerate,  at  Bristol.  (The  Geology  of  Northern  New  Eng- 
:  royal  4to,  p.  2,  1870). 

Then  making  observations  during  the  summer  of  1887  on 
ksburg  Mountain,  I  found  the  unconformity  between  the 
•tzite  and  gneiss  to  be  well  marked.  The  lower  layers  of  the 
rtzite  series  contain  shales  and  thin  beds  of  conglomerate, 
there  are  no  passage  beds  between  the  quartzite  series  and 
gneiss  in  the  localities  where  the  bedding  of  the  gneiss  and 
rtzite  series  appears  to  be  conformable.  In  accordance  with 
,  the  unconformity  has  been  represented  in  the  section, 
he  quartzite,  including  certain  minor  beds  of  schistose  shale, 
glomerate  and  limestone,  I  will  call  terrane  number  one. 
^errane  No.  1.— Professor  James  D.  Dana,  in  describing 
Quartzite  series,  in  a  paper  on  the  Geology  of  Vermont 
Berkshire,  savs  "  Associated  with  the  limestone  belt  and 
>wing  mainly  its  eastern  border  there  is  a  quartzyte  series, 
listing  in  Vermont  of  quartzyte  and  crystalline'  slate  or  schist 
Iromica  slate,  sometimes  chlorite  slate),  and  rising  at  inter- 
into  mountain  ridges.  This  quartzyte  formation  commences 
abreast  of  the  northern  limit  of  the  i  Eolian  limestone '  in 
mont :  and  it  follows  it  southward  through  Massachusetts, 
into  Connecticut,  being,  throughout,  its  close  attendant " 
ler.  Jour.  Sci.,  vol.  xiii,  p.  38, 1877).  And  on  p.  204 :  "(4) 
*  age  of  the  Quartzyte  formation,  and  its  relation  in  position 
be  adjoining  limestone. — The  quartzyte  formation  includes, 
las  been  explained,  strata  of  quartzyte  and  schists — some- 
38  one  predominating,  and  sometimes  the  other.  The  special 
of  the  formation  is  in  doubt,  equally  with  that  of  the  eastern 
jstones.  There  may  be  quartzytes  of  different  periods  of 
Lower  Silurian  :  and  so  with  the  schists.  The  question  of 
can  be  positively  answered  only  by  the  discovery  of  decisive 
ils  in  the  quartzyte  of  Vermont :  and  so  many  imperfect 
is  have  already  been  brought  to  light  (besides  the  unsatis- 
MT  worm-burrows,  and  Fucoids  or  worm-tracks)  that  we  feel 
the  future  will  clear  away  the  doubts." 
rofessor  Dana  considers  that  the  evidence  proves  the  ex- 
ice  of  a  limestone  beneath  the  quartzite,  in  some  sections, 
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but  in  Vermont  Mr.  Wing  makes  the  limestone  superjacent 
to  the  quartzite  (loc.  cit.,  p.  204). 

As  all  observers  agree  on  the  stratigraphic  position  of  the 
quartzite  series  the  paleontologic  evidence  of  the  age  of  the 
terrane,  formed  bytliat  series,  will  be  now  considered. 

The  Professors  W.  B.,  and  H.  D.  Rogers,  Edward,  and  C.  E 
Hitchcock,  James  Hall,  Dr.  W.  W.  Mather  and  Professor  Jas. 
D.  Dana  have  all  held  the  opinion  that  the  quartzite  (Terr. 
No.  1)  should  be  referred  to  the  Potsdam  horizon  and,  from 
its  stratigraphic  position,  the  tentative  reference  was  in  accord- 
ance with  the  facts  known ;  but,  as  Professor  Dana  has  said 
(anU\  the  question  of  age  can  only  be  answered  by  decisive 
fossils  in  the  quartzites  of  Vermont 

During  the  progress  of  the  geological  survey  of  Vermont,  a 
few  fossils  were  found  in  the  quartzita  On  page  356,  of  the 
Geological  Report,  vol.  i,  1862,*  it  is  stated  :  that  besides  Seol- 
ithus,  a  straight-chambered  shell  occurs  in  a  hyaline  quartz,  on 
the  west  side  of  Lake  Dunmore,  and  a  species  of  Lmgula  in 
Starksboro,  near  Rockville ;  and,  on  page  357 :  "  In  the  south- 
western part  of  Woodford  there  seem  to  be  traces  of  organisms 
resembling  bivalve  shells,  *about  the  size  of  a  three-cent  piece.'' 
I  have,  through  the  courtesy  of  Professor  Dana,  examined  two  of 
the  specimens  referred  to,  that  are  now  in  the  collection  of  the 
Peabody  Museum,  at  New  Haven,  and  I  find  the  "  Modiolopsis- 
like  shell "  to  be  Nothozoe  Vermontuna^  and  the  straight- 
chambered  shell  to  be,  to  all  appearances,  a  cast  of  HyoUtb*:* 
communis*  vl  Middle  Cambrian  species. 

Professor  B.  K.  Emerson  kindlv  sent  to  me  for  examina- 
tion  the  specimens  from  the  Amherst  college  collection  men- 
tioned in  the  Geology  of  Vermont,  and  which  were  collected  at 
Salisbury,  Vt.  I  iind  one  to  be  Nothozoe  Vermontana  and  the 
other  species  to  be  a  cast  of  Ht/olithes  communis,  or  a  closely 
allied  species.  In  a  small  collection  of  fossils,  received  from 
Professor  II.  M.  Seely,  of  Middlebury  college,  Vermont,  who 
found  them  in  miartzite  bowlders  on  the  west  slope  of  Sunset 
Hill,  near  Lake  Dunmore,  there  occurs  the  Nothozoe  Yt-rmon- 
hi  mi  described  as  k%  from  the  Potsdam  sandstone,"*  and,  with 
it,  brads  of  a  species  of  Olenellus  nndistinguishable  from  0. 
Thompson i  of  the  Georgia  formation  in  Franklin  County,  Ver- 
mont ;  and  in  other  specimens  of  the  quartz  rock,  collected  at 
•  lie  same  locality  and  containing  A.  Vermontana  and  0. 
/'hoiiif>soni%  a  species  of  Hyolithes  occurs  that  is  undistinguish- 
al»lo  from  //.  communis. 

An  investigation  of  the  reported  localities  of  fossils,  made  by 
tho  writer  in'June  and  Julv,  1887,  resulted  in  the  discovery 

+  Ojuod  IStil.  but  issued  in  1862. 

t   Hull.  Am.  Mus.  Nat.  Hist.,  vol.  i,  p.  145,  1884. 
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lat  only  the  Scolithus  had  been  found  in  situ.  Professor  H. 
I.  Seely  had  traced  the  Tfcockville  "  Lingula "  to  a  bowlder, 
aken  from  a  stone  wall,  and  also  the  reported  Lake  Dunmore 
specimens  to  bowlders  on  Sunset  Hill :  no  fossils  being  found 
in  situ.  In  company  with  Professor  Seely,  I  visited  the  Lake 
Dunmore  locality,  and  found  fossils  in  rounded  quartz  bowlders, 
but  the  quartz  ledges  gave  no  traces  of  them.  The  Woodford 
locality  was  too  indefinitely  described  to  be  found ;  but  as  trans- 
ported bowlders  afforded  me  Xothozoe  and  traces  of  trilobitic 
remains,  similar  bowlders  were  probably  the  source  of  the  speci- 
mens mentioned.  In  Sunderland,  east  of  Arlington,  on  Roaring 
Branch,  Scolithus  occurs  abundantly  in  situ,  in  the  quartzite; 
and  angular  blocks  of  quartzite  were  found,  one  mile  up  the 
ravine,  that  contained  Hyolithes  and  fragments  of  trilobites ; 
but  they  were  not  traced  to  the  beds  from  which  they  were  de- 
rived. Two  miles  east  of  Bennington,  however,  success  attended 
tny  search  for  fossils  in  situ.  Tne  section  begins  in  the  woods 
an  the  west  6lope  of  the  mountain  on  the  old  Weeks  farm  north 
)f  the  old  Windham  turnpike. 

Wooded  slope,  above  pasture 15  feet. 

1. — Light-gray,  nearly  white,  compact,  fine-grained 
massive-bedded  quartzite,  with  alternating 
beds  of  hyaline  quartz.  Dip  0°  to  5°  S.  E. ; 
strike,  N.  35°  E.  (magnetic) 35    " 

2. — Light-colored,    bedded  quartzite,    with    brown 
spots  ;    showing  grains  of  sand  and  fossils : 
the  latter  also  in   the  compact  rock. 
Fossils :  Nothozoe,  Hyolithes  and  Olenellus* 40     " 

3. — Alternating  bands  of  layers  of  light-gray  and 
hyaline   quartzite,    becoming    more    massive 

near  the  summit 325    " 

The  dip  increases  from  5°  to  10,°  15°  and  up  to 
25°  &.  E.,  on  the  line  of  the  section,  and  a  lit- 
tle farther  south,  to  45°  S.  E.     Strike,  N.  45° 

E.  (magnetic)  

400  feet. 

The  quartzite  was  traced  north  into  the  valley  of  Roaring 
ranch,  and  it  is  a  continuation  of  the  deposit  on  the  western 
ope  of  Bald  Mountain  ;  to  the  south  it  extends  along  the  west 
ie  of  the  ridge  leading  to  Dome  Mountain,  in  Pownal,  north- 
LSt  of  William8town,  Mass.  It  caps  the  latter  and  crosses  the 
irrow  valley  on  the  south  to  the  Clarksburg  group  of  moun- 
ins,  along  the  slopes  of  which  it  extends  to  a  point  opposite 
rilliamstown,  where  it  bends  eastward  along  the  south  face  of 

*  I  have  shown  elsewhere  that  the  genus  Olenellus  is  characteristic  of  the  Middle 
mbrian  horizon,  over  wide  areas  in  North  America,  and  that  it  is  a  pre-Potsdam 
>e.     (Bull.  U.  S  Geol  Survey,  No.  30,  188H.) 
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the  mountain,  reaching  into  the  valley  north  of  North  Adams- 
Mass.  On  the  western  summit  of  the  mountain,  toward  Will 
iamstown,  the  quartzite  series  come  in  unconformable  contact 
with  the  pre-Cambrian  gneiss ;  and  fragments  of  a  trilobite, 
apparently  the  genus  Olenellus,  were  found  about  one  hundred 
feet  above  the  contact. 

As  a  result  of  the  discovery  of  fossils,  in  situ^  in  the  quartz- 
ite east  of  Bennington,  the  f ossilif erous  bowlders  are  given  a 
value,  as  they  were  undoubtedly  derived  from  the  quartzite  for- 
mation, and  were  distributed  in  the  valley  to  the  west  during  Qua- 
ternary time  and  even  at  the  present  by  floods  occurring  in  the 
gorges  and  valleys  that  cut  through  the  quartzite.     It  is  now 
a  question  of  search  to  trace  the  fossiliferous  horizon  in  the 
quartzite  from  Starksboro,  to  Bennington,  Vt.  and  to  Dutches* 
County,  N.  Y.,  where  Dr.  Mather  considered  the  "Quartzite" 
metamorphosed  Potsdam  sandstone,  and  he  so  called  the  com- 
pact sandstone  of  Stissing  Mountain,  in  the  northeastern  part 
of  Dutchess  County,  N.  Y.  (Geol.  N.   Y. ;  First  Geol.  Dist,  p. 
418,  1843).     During  the  field  season  of  1886,  I  had  the  oppor- 
tunity of  visiting  the  Stissing  Mountain  sandstone  locality,  in 
company  with  Professor  W.  B.  Dwight,  and  we  found  llydi- 
thelitis  mi  cans  in  the  limestone  layers,  resting  immediately  on 
the  sandstone ;  and  the  heads  of  Olenellus  Thompsoui  in  the 
sandstone,  fifty  feet  or  more  below  the  limestone.     HyclitMlm 
miatntt  is  known  only  in  the  Georgia  terrane  of  New  York, 
Vermont  and  Canada.     A  species  of  Triplesia  is  associated  with 
the  Olenellus  at  Stissing  Mountain,  but  it  has  little  value  in 
the  correlation  of  strata. 

If  we  now  turn  to  the  geologic  map,  we  find  that  all  the 
localities  I  have  mentioned  are  on  the  line  of  outcrop  of  the 
quartzite  (Terr.  No.  1). 

Hex u tue. — The  stratigraphy  shows  the  quartzite  series  (Terr. 
No.  1)  to  be  the  oldest  of  the  Paleozoic  sediments  known 
on  the  eastern  side  of  the  Taconic  area,  and  the  contained 
fauna  correlates  it  with  the  middle  division  of  the  Cambrian, 
but  not  as  low  in  position  as  the  fauna  of  the  lower  strata  of 
the  Georgia  Terrane.     (See  Terr.  No.  5.) 

Tt'rrane  Xo.  ± — Dr.  Emmons,  when  describing  the  sections 
of  Gray  lock  (Am.  Geol.,  vol.  i,  pt.  2,  p.  17,  paragraph  16), 
states  that  the  "  rock  overlying  the  quartzite  is  again  talcose 
slate,  siliceous  at  its  base,  but  purely  a  talcose  slate  as  a  mass 
and  which  requires  no  further  description.  It  is  between  400 
and  500  feet  thick  and  extends  up  the  limestone  which  con- 
stitutes  the  seventh  member  of  the  Lower  Taconic  system. 
It  is  this  belt  of  shales  that  I  have  numbered  2  on  the  sections: 
and  it  is  assumed  to  represent,  at  this  point,  the  Potsdam  sand 
stone  of  the  western  side  of  the  Champlain  basin.    This  ter 
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ane  is  so  much  more  extensively  developed  farther  west,  in 
he  section,  that  I  will  omit  its  description  until  passing  down 
he  western  side  of  the  synclinal  formed  by  terrane  number 
liree.     (See  Section  on  the  map.) 

Terrane  JV6.  3, — This  is  the  limestone  and  marble  belt  that 
mtcrops  both  on  the  eastern  and  western  side  of  the  Taconic 
ange.  Its  distribution  is  shown  on  the  map  and  in  the  sec- 
ion,  and  I  think  it  unnecessary  to  restate  the  evidence  given 
>y  Professor  Dana  to  prove  that  this  limestone  belt  is  the  rep- 
resentative of  the  limestones  of  the  Trenton-Chazy-Calciferons 
eries  of  the  western  side  of  the  Champlain  basin.  His  con- 
tusions are  based  on  the  stratigraphy,  supported  by  paleonto- 
ogie  evidence,*  discovered  by  Messrs.  Wing,  Dana  and 
Dwight  on  the  western  side  of  the  Taconic  range,  north  and 
onth  of  the  typical  area.  The  fossils  have  been  referred, 
lowever,  to  the  sparry  limestone  or  "Tipper  Taconic"  by 
hose  writers  who  favor  the  view  of  the  pre-Cambrian  age  of 
he  "Lower  Taconic."  Prior  to  August  5th,  1887,  determin- 
ble  fossils  had  not  been  found  in  the  limestone  series  east  of 
he  Taconic  range.  At  that  date,  I  found,  in  the  eastern  lime- 
tone,  in  the  town  of  Pownal,  Vt.,  about  half  a  mile  north  of 
he  Massachusetts  line,  a  number  of  fossils  that  were  weathered 
out  In  relief  on  the  surface 
of  a  compact,  clouded  mar- 
ble. The  collection  gives 
Euompbalus "( (tig.  1) ;  the 
lower  whorl  and  aperture 
of  a  shell  like  Murchisonia 
bellieint-ta  (tig.  2);  two 
whorls  of  a  form  identical 
or  closelv  allied  to  Murchi- 
sonia  Miteri  (fig.  8).  (tig. 
4  is  a  cast  of  Murchi&miia 
Milleri,  from  the  Cincin- 
nati formation,  for  compar- 
ison with  tig.  3) :  a  cross- 
section  and  lower  whorl  of 
a  Itaplri stoma- like  shell, 
and  a  large,  crushed  gaste- 
ropod  shell.  The  fauna 
belongs  to  the  Trenton 
errane,  and,  by  it,  we  can  correlate  the  Eastern  with  the 
rVegtern  limestone,  f 
In  September,  18S7,  I  found  fossils  in  the  limestone  on  both 

*  Be*  Professor  Dana's  papers  iu  Am.  Jour.  Sci.,  1812  to  1881. 
t  "P*vpM  read  before  the  American  Association  for  the  Advancement  of  Science, 
U¥^^_lBth,  1B87:  "  DisooTerj  of  Fossils  in  the  Lower  Taconic  of  Emmons." — 
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the  eastern  and  western  side  of  Mt.  Anthony,  on  the  line  of 
strike  of  the  Taconic  range.  The  strata  of  Mt  Anthony  are 
conformable  and  form  a  southwardly-sloping  synclinal  of  lime- 
stone and  marble,  carrying,  above,  a  considerable  thickness  of 
shales.  On  the  west  side  the  limestones  dip  eastward  and  are 
well  exposed  one  mile  south  of  the  Hoosic  post  office,  N.  Y. 
About  400  feet  of  limestone  are  shown  in  the  section,  and,  near 
the  upper  part  of  it,  shales  appear  which  have  a  schistose 
structure.  The  shales  are  in  thin  beds  alternating  with  the 
limestones  at  first,  and  then  they  increase  until  the  interbedded 
limestone  disappears  and  the  typical  Taconic  "  talcose  slates" 
of  Emmons  are  the  prevailing  rock.  In  the  limestones,  nearly 
200  feet  below  the  shales,  a  stratum  of  limestone  from  two  to 
four  feet  in  thickness  is  crowded  with  shells  of  the  genera 
Maclurea  and  Murchisonia.  The  limestone  is  compact  and 
hard,  so  that  sections  only  of  the  shelly  could  be  secured.  To 
any  one  conversant  with  the  Trenton  Chazy  limestones  of 
Washington  County,  X.  Y.,  both  the  lithology  and  fossils  of 
the  Mt.  Anthony  limestone,  at  this  point,  would  prove  the 
geologic  horizon*  to  be  that  of  the  Trenton- Chazy.  Crossing 
the  mountain  to  the  eastern  side,  at  a  point  three  niiles  eoutn 
of  Bennington  Centre,  Vt.f  abundant  fragments  of  crinoids 
occur  in  a  dark  bituminous  limestone,  above  a  band  of  clouded 

marble.  In  fig.  5,  a  few  sections  of  a  column 
is  shown  and  also  the  calyx  and  portions  of 
the  arms  of  a  erinoid.  allied  to  Homocrinnt 
t/racifift  of  the  Trenton  limestone  of  New  \  ork. 
Above  the  dark  shale  and  dipping  westward 
with  it,  there  is  a  band  of  arenaceous  limestone 
u\xm  which  I  noticed  a  fragment  of  an  Orthoce 
ras.  an  Euomphalus-like  shell  and  sections  of 
what  appeared  to  bo  a  Rhynchonella.  This  lime- 
stone is  lithologically  similar  to  that  conformably 
overlying  a  bed  of  marble  that  dips  toward  and 
~~  passes   beneath    Mt.   Anthony  at  a  quarry,  two 

miles  west  of  ttonnington  Centre. 

1   next  visited  the  limestone  at  the  entrance  of  the  Hopper 

on  the  north  side  ox  Gray  lock  peak,  a  typical  locality  oi  Dr. 

Kimnons's.     The  limestones  and  marbles  are  of  the  same  litlio- 

logic  character  as  those  of  Mt.   Anthony  with  the 

i—     >*     exception  of  the  bituminous  limestone,  carrying  the 

-    Yj    or"1°i^;i-      Several   traces  of  fossils  were  observed, 

.nIA|    *u;t   oll'.v  ono  tnat  couM  be  recognized.     It  appears 

^ £j    to  lv  the   inner  whorl   of  a  gasteropod   related  to 

Kuomphalus  or  Maelurea  ^tig.  itt. 
Having  voritied  the  straturraphv  as  published  bv  Dr.  Em- 
mons ami   Professor  Dana,  and  having  found  Treiiton-Chazy 
fossils  in  the  nuurVW  \xA\A  ctv*s*i  \ha  Taconic  range  to  its 
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tern  base,  in  the  town  of  Berlin,  N.  Y.  The  schists  of  the 
;e  dip  to  the  eastward,  have  a  greenish  color,  feel  talcose 
be  touch,  and  appear  unlike  the  dark  shales  of  the  Hudson 
raue.  Continuing  on  over  the  range  and  down  the  weBtern 
■e,  I  found  that  the  schistose  character  of  the  rock  was 
Inaliy  disappearing  and  that  it  was  becoming  more  shaly. 
i  greenish  color  continued,  but,  toward  the  western  base 
he  range,  a  mile  north  of  the  village  of  Berlin,  the  color 
an  to  change,  the  green  and  dark  shales  appearing  in  the 
e  stratum,  and  even  in  hand  specimens,  and  soon  the  dark 
le  of  the  Hudson  Terrane  was  the  prevailing  rock.  A 
e  lower  down,  the  characteristic  brown  sandstones  of  the 
dson  Terrane  began  to  appear  in  the  shales ;  and,  just  east 
Berlin  village,  the  limestones  appeared  from  beneath  the 
les.  In  other  words,  it  is  a  repetition  of  the  Graylock  and 
Anthony  sections  with,  the  exception  of  less  alteration  in 
lower  part  of  the  shales,  and  in  the  limestones.  One  mile 
th  of  South  Berlin  post  office,  on  the  eastern  side  of  the 
ey,  the  limestones  dip  to  the  east  and  northeast.  At  the 
3  of  the  section  there  is  a  considerable  thickness  of  dark 
illaceous  shale,  upon  which  the  limestone  rests  conformably. 
itinuiiig  up  the  west  slope  of  the  mountain,  more  or  less 
rare  limestones  are  met  with  in  which  I  found  Soleno^ora 
ipacta,  plates  of  crinoidal  columns,  Murchisonia  gracilis  t 
.  7),  and  fragments  of  indeterminable  gasteropods.     The 


lAtuila  ap  ? 
s  subjacent  to,  and  interbedded  \ 


til-bearing  limestone  ii         J  . 

les  that  are  succeeded  by  arenaceous  limestones  which,  in 

a,  are  conformably  subjacent  to  the  shales  and  schists  of  the 

ionic  range. 

[Tie  next  locality  examined   was  one  described  by  Dr.  Em- 

ne  as  showing  fossiliferons  limestones  of  the   Champlain 

ies,  resting  nn conformably  upon  the"  Taconic"  w&Ss&a  V^-"^- 
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Geol.,  pt.  2,  pp.  73-77,  1856).  He  studied  the  section, 
where  it  is  very  much  broken  and  disturbed,  and  found  evi- 
dence that  sustained  his  view.  If  he  had  gone  a  mile  to  the 
north,  he  might  have  discovered  that  the  shales  pass  conform- 
ably beneath  the  limestone  and,  also,  that  shales  occur  con- 
formably above  it.  Fossils  were  abundant  at  a  point  one  mile 
north,  northwest  of  Hoosick  Falls,  and  the  following  species 
were  recognized :  Solenopora  compacta,  Maclurea  sp.?,  Litu- 
ites  sp.  ?  (ngs.  8  and  9),  and  Orthoceras  sp.  undet. 

On  the  map  the  localities,  where  fossils  have  been  found  in 
this  terrane,  are  indicated  by  the  letter  F. 

Resume. — The  stratigraphic  and  paleontologic  evidence  unite 
to  prove  that  the  limestones  and  marbles  of  Terrane  No.  8  are 
the  geologic  equivalent  of  the  Calciferous-Chazy-Trentou  lime- 
stones of  the  Champlain  and  Hudson  valleys,  and  belong  to 
the  system  of  strata  characterized  by  the  second  fauna  of 
Barrande. 

Terrane  No.  4. — This  terrane  directly  overlies  and  rests  in 
synclinals  of  the  limestones  of  Terrane  No.  3,  at  Graylock  and 
at  other  points ;  and  there  is  no  apparent  reason  to  differ  from 
Professor  Dana  in  referring  it  to  the  Hudson  Terrane. 

In  regard  to  the  graptolites  found  in  it,  near  Hoosick,  N.  Y., 
I  wish  to  state  that  I  visited  that  locality  and  collected  speci- 
mens of  the  flattened  and  distorted  graptolite^'  from  the 
smooth  shales.  On  comparing  the  specimens  with  those  of 
])lpIo<jr<wtux  prixtis*  from  the  Hudson  Terrane,  at  Fort 
Edward,  N.  Y.  and,  also,  from  the  Hudson  Terrane  in  the 
western  part  of  the  township  of  Greenwich,  Washington 
County,  X.  Y.,  I  fullv  concur  with  the  opinion  given  by  rro- 
fesssor  James  Hall,  "in  1847  (Pal.  X.  Y.,  vol.  i,  pp.  321,322. 
pi.  72\  that  the  Hoosick  shale  graptolite  is  identical  with  the 
I>'*pl(Hjrapttis prittix  found  in  the  Hudson  Terrane,  within  the 
Hudson  vallev. 

Ttrrane  Ao.  _. — In  speaking  of  this  terrane  as  the  shale 
above  the  tjuartzitc  of  Terrane  No.  1  and  l)eneath  the  lime- 
stone of  Terrane  Xo.  :*,  it  was  assumed  that  it  represented  the 
Potsdam  horizon  {«ht<);  and  we  now  have  to  search  for 
the  evidence  of  that  horizon  between  the  recognized  Georgia 
horizon  of  Terrane  Xo.  1,  and  the  Chazy-Trenton  horizon  of 
Terrane  Xo.  :\.  Unfortunately,  on  the  east  and  west  sides  of 
the  synclinal,  on  the  line  of  the  section,  the  shales  beneath  the 
limestones  ar^  unfossiliferous ;  but,  from  the  data  afforded  by 
the  Potsdam  or  Upper  Cambrian  strata  of  Saratoga,  Dutchess 
?IU'  \\asnii\irton  counties,  X.  Y.,  we  obtain  a  fairly  satisfactory 
identification  oi  the  Potsdam  horizon  in  the  Taconic  area. 

In  Saratoga  County  a  section  occurs  where  a  pure  limestone, 
carrying  a  well-marked  Potsdam  fauna,  rests  directly  on  a  mas- 
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a-bedded  sandstone.*  The  sandstone  is  of  Potsdam  Age,  and 
itains  typical  fossils  in  its  extension  north  in  the  valley  of 
ke  Ohamplain :  in  Washington  County  I  found,  at  Dewey's 
idge,  south  of  Whitehall,  fossils  in  the  Potsdam  sandstone, 
1  at  Whitehall,  numerous  Potsdam  fossils  in  the  limestone 
ers  resting  upon  the  sandstone  and  beneath  the  Calciferous 
mation.  The  Calciferous  formation  was  subjacent  to  the 
azy  limestone. 

[n  Dutchess  County  Professor  Dwight  found  the  Potsdam 
ina  in  a  limestone,  three  species  of  which  are  identical  with 
>ee  at  the  Saratoga  and  Washington  County  localities.  This 
>ve8  the  presence  of  the  Potsdam  fauna  in  Dutchess  County, 
t  far  distant  from  the  sandstone  and  limestone  carrying  the 
orgia  fauna.  Although  no  direct  stratigraphic  connection 
pet  known  at  this  point  between  the  limestone  carrying  the 
tsdam  fossils,  and  the  limestone  resting  on  the  the  sandstone 
Tying  the  Georgia  fossils,  there  is  little  doubt,  from  the 
own  succession  of  faunas  elsewhere,  that  the  Potsdam  forma- 
n  was  deposited  in  its  usual  position,  between  the  Georgia 
1  Calciferous  formations,  and  that  it  has  been  displaced  oy 
;  subsequent  faulting  of  the  strata. 

[n  Saratoga  County,  the  Calciferous-Trenton  terranes  are 
>erjacent  to  the  Potsdam,  and,  also,  in  Dutchess  and  Wash- 
^ton  counties.  In  all  the  sections  given  in  Bulletin  30,  U.  S. 
ological  Survey,  the  Potsdam  is  superjacent  to  the  Georgia 
rrane ;  and  I  find  that  Terrane  No.  5,  beneath  the  2,000 
t  of  greenish  schistose  shales  of  Terrane  No.  2,  is  character- 
d  by  the  Georgia  or  Middle  Cambrian  fauna.  I  think,  then, 
it  we  may  conclude  that  Terrane  No.  2  represents  the  Pots- 
n  horizon  :  also,  that  the  latter  may  be  represented  in  part 
sandstone  or  quartzite  on  the  west  side,  near  the  limestones, 

if  the  same  conditions  prevail  as  in  Dutchess  County/  the 
ver  portion  of  the  limestone ;  the  shales  and  schists  beneath 
>  limestone  all  belong  to  the  Middle  Cambrian.  To  the 
t  of  the  limestone,  the  Potsdam  Terrane  may  be  repre- 
ited  in  part  by  either  (1)   the  upper  part   of  the   quartz- 

of  Terrane  No.  1,  (2)  the  lower  part  of  the  limestone  of 
rrane  No.  3,  or  (3)  the  hydromica  shale  between  the  quartz- 
and  limestone,  or  Terrane  No.  2,  or  by  the  combination  of 
o  or  more  of  these  parts. 

Terrane  No.  5. — In  my  field  work  of  1886-?87,  I  studied 
th  care  the  slates,  shales  and  interbedded  limestones  and 
idstones  that  form  Terrane  No.  5.  On  the  map  an  inter- 
ption  is  shown  midway,  by  the  presence  of  a  broad  belt  of 

•  Bull.  U.  S.  Geol.  Survey,  No.  30.  pp.  21,  22.  1886. — T  found  several  species  of 
I  same  fauna  (Dicelloeephulus,  I'tychaspis.  etc.)  in  sandstone  in  the  upper  beds 
he  Potsdam  sandstone,  in  the  vicinity  of  Chnteaugay  Chasm,  Franklin  County, 
Y. ;  also  in  a  calciferous  sandrock  of  the  Potsdam  Texrroe,  at  WVixteYv&XY^.X. 
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the  Hudson  Terrane  (No.  6),  but  1  did  not  find  that  the  two 
parts  of  Terrane  No.  5  are  a  repetition  of  the  same  strata  ex- 
cept possibly  for  a  short  distance,  near  the  break  between  them. 
The  upper  or  eastern  portion  is  formed  of  green,  purple  and 
drab  slates,  with  thin  interbedded  limestones,  carrying  charac- 
teristic Middle  Cambrian  fossils ;  the  lower  and  western  part 
consists  of  dark  and  drab  shales  with  interbedded  sandstones, 
calcareous  sand  rock  and  limestones  that  contain  Middle  Cam- 
brian fossils.  About  2,000  feet  from  the  base,  the  fauna  begins 
to  show  the  presence  of  the  Lower  Cambrian  or  ParadoxTdes 
fauna,  but  not  in  sufficient  force  to  overbalance  the  predomin- 
ating assemblage  of  Middle  Cambrian  species. — (See  this  Jour- 
nal, vol.  xxxiv,  p.  188, 1887).  Fossils  occur  more  or  le68  abun- 
dantly at  over  100  localities  as  now  known  to  me  within  the 
typical  Taconic  area,  and  they  are  distributed  at  various  hori- 
zons throughout  the  14,000  feet  or  more  of  strata  referred  to 
this  Terrane. 

An  examination  of  the  sections  and  the  faunas  of  Terrane 
No.  1  and  Terrane  No.  5,  shows  that  the  former  is  stratigraph- 
ically  and  faunally  the  equivalent  of  the  upper  or  eastern  oart 
of  Terrane  No.  5,  Terrane  No.  1  being  the  sandy  deposit  ot  the 
shore  line,  and  No.  5,  the  off-shore  accumulation  ot  finer  sediment. 

Terrane  No.  5,  like  No.  1,  is  referred  to  the  Middle  Division 
of  the  Cambrian. 

Terrane  J\To.  6. — This  is  a  belt  of  red,  black  and  green  slates, 
cherts  and  sandstones  faulted  in  between  the  two  parts  of  Ter- 
rane No.  5.  The  contained  graptolites  show  it  to  be  a  portion 
of  the  Hudson  Terrane.  Its  distribution  and  relation  to  the 
other  terraues  is  shown  on  the  map  and  in  the  section. 

Rexiime. — I  have  briefly  noticed  the  strata  included  withia 
the  Taconic  area  with  the  exception  of  the  teds  west  of  the 
great  fault  line,  separating  Terrane  No.  5  from  the  recognized 
strata  of  the  CaloiferousChazy-Trenton  and  Hudson  terranes- 
Along  the  line  of  the  fault,  the  strata  of  Terrane  No.  5  are 
usually  thrust  against,  and,  sometimes,  over  and  upon,  the  latter, 
but  in  no  instance  have  I  been  able  to  find  an  unconformity  by 
original  deposition  between  the  strata  of  Terrane  No.  5  andtho 
strata  of  any  of  the  superjacent  terranes.   This  will  be  more  fully 
described  later  under  the  head  of  Comparison  and  Discussion- 

In  the  preceding  pages,  the  strata  of  the  Taconic  area  are 
grouped  under  six  terranes  and  identified  as  follows . 

Terranes  Nos.  1  and  5  =  Middle  Cambrian.* 

Terrane  No.  2=  Upper  Cambrian.* 

Terrane  No.  3  =  Calciferous,  Chazy  and  Trenton  limestones. 

Terranes    2s  os.  4,  and    6=  Hudson    shales,  sandstones,  etc 

[To  be  continued.] 

*  For  a  description  of  the  term  Cambrian  as  used  in  this  paper  see  this  Journal 
UI,  vol  xxxii,  pp.  138-151,  \&&6. 
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'.   XXI.  —  On   the   crystalline  form   of  Polianite ;    by 
EdwaiId  S.  Dana  and  Samuel  L.  Penfield. 

he  true  crystalline  form  of  manganese  dioxide,  MnO„  and 
relation  to  each  other  of  the  two  minerals  having  this  cona- 
tion— the  common  soft  variety  and  the  rarer  hard  form — 
3  long  been  uncertain  points  in  Mineralogy.  The  name 
jlu8ite  was  given  by  Haidinger*  in  1827  to  the  mineral 
ch  had  been  earlier  called  Grey  Manganese  Ore  (Grau 
anstein  in  part  of  Werner,  1789,  and  Hausmann,  1813). 
dinger  also  gave  a  partial  description  of  crystals,  with  a 
re  which  is  reproduced  in  Dana's  System  (1868,  fig.  171, 
65).  The  only  angle  given  is  that  of  the  prism  86°  20',  to 
2h  Hausmann  (1847)  added  that  of  a  bracnydome  d  =  40° 
r  the  base). 

l  1844  Breithauptf  gave  the  name  Polianite  to  the  anhy- 
is  MnO,  from  Platten,  Bohemia,  which,  as  he  showed,  had 
rdness  almost  equal  to  that  of  quartz.    He  insisted,  further, 

the  common  soft  MnO,  (  Wetehmangan,  Germ.)  was  not 
independent  species  but  only  an  alteration  product  from 
ir  minerals,  chiefly  manganite,  but  also  in  part  from  poli- 
e.  Breithaupt's  description  of  the  form  of  polianite  is  very 
erfect ;  he  gives  the  angle  of  the  prism  as  87°  8',  and  men- 
s  the  occurrence  of  the  three  pinacoids,  a  brachydome  in- 
ed  to  the  brachypinacoid  62°,  and  two  macrodomes. 
he  subject  has  been  repeatedly  discussed  since  this  time  by 
3rent  authors  but  very  little  light  has  been  thrown  upon  it, 
ough  the  general  correctness  of  Breithaupt's  opinion  has 
i  usually  accepted.  The  most  recent  contribution  is  that  of 
hUn^:  who,  while  concluding  that  Breithaupt  was  right  in 
general  position,  failed  to  obtain  material  suitable  for  an 
irate  determination  of  the  form.  He  was  able  to  show  a 
lin  relation  between  the  crystals  examined  by  himself  and 
axial  ratio  deduced  from  Breithaupt's  angles,  but  his  meas- 
aents  varied  widely  and  only  an  appeal  to  a  twinning 
^thesis  sufficed  to  bring  them  into  partial  agreement, 
he  paper  of  Kochlin  nas  led  us  to  carry  on  to  completion 
3  work  on  these  minerals  undertaken  a  year  or  more  ago. 
results  serve  to  establish  the  independent  position  of  polia- 
beyond  all  question,  and  to  show  that  in  form  it  is  tetragonal 
isomorphous  with  cassiterite,  and  the  allied  species  of  the 

group. 

Vans.  Roy.  Soc.  Edinburgh,  xi,  119,  1827:   Pogg.  Ann.,  xiv.  204,  1828. 

ichtes  Graumanganerz,  Charakt.  Mineralsystems.  103,  241,  1823;  Pogg.,  lxi, 

1844. 

[in.  petr.  Mitth.,  ix,  22,  1887. 
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Of  the  half  dozen  specimens  in  hand,  one  (A)  was  especially 
snited  for  accurate  crystallographic  and  chemical  work  (Y.  U., 
2143).     It  exposed  a  crystalline  surface  consisting  of  closely 
compacted  composite  individuals,  and  upon  this  were  thickly 
implanted  numbers  of  small  highly  modified  bead-like  crystals 
with  more  or  less  brilliant  faces.     The  relation  between  these 
small  crystals  and  the  mass  of  the  specimen  was  not  obvious  at 
once,  but  as  soon  as  the  former  had  been  made  out  it  was  seen 
that  the  composite  crystals  were  identical  with  the  othere  in 
form,  each  one  being  made  up  of  a  multitude  of  individuals  in 
parallel  position.     Closer  inspection  showed  also  that  the  appar- 
ently simple  small  crystals  were  also  often  composite.    The 
larger  crystals  were  often  rhombic  in  habit  and  were  terminated 
by  a  large  basal  surface  formed  of  the  vertices  of  the  closely 
compacted  pyramids.     The  form  of  these  crystals  is  shown  in 
figs.  1  and  2. 


The  planes  present  are  : 

A(2L0.  i-2),  e(10l,  1-t),  z(321,  3- J),  and  also  the  form  m  (110,  1)  in  traces. 

The  planes  of  the  prism  h  are  rather  rough  and  uneven ;  those 
of  e  are  brilliant  but  uniformly  rounded  on  either  side  of  the 
vertical  diagonal,  showing  a  tendency  to  develop  into  two 
vicinal  pyramidal  planes ;  the  planes  of  the  zirconoid  z  are 
usually  brilliant  and  give  good  reflections.  Having  before  n? 
the  description  of  Breithaupt  and  the  apparently  confirmatory 
results  of  Kochlin,  our  attention  was  especially  directed  at  first 
to  the  question  as  to  the  system  to  which  our  crystals  belonged 
and  their  relation  to  Breithaupt's  form.  A  large  number  of 
measurements  consequently  were  made,  some  of  which  are 
given  beyond,  but  while  they  showed  considerable  variation 
among  themselves,  more  than  the  character  of  the  faces  seemed 
to  justify,  they  did  not  conform  to  the  orthorhombic  fonn, 
although  approximating  to  the  angles  of  Kochlin. 

A  second   specimen  in  hand  (Y.  IL,  2154)  showed  a  mass 
of  quartzose  rock,  and  in  a  cavity  in  it  a  considerable  amount 
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\  a  rather  open  aggregate  of  manganese  dioxide  in  part  devel- 
ped  into  distinct  prismatic  crystals.  The  mass  proved  npon 
lamination  to  be  anhydrous  MnO,  with  a  hardness  of  6  to  6*5. 
his  was  throughout  distinctly  crystalline  in  structure,  consist- 
ig  of  minute  tetragonal  pyramidal  and  prismatic  crystals  built 
p  together  into  parallel  position. 

The  prismatic  crystals  were  in  part  hollow  shells  with  the 
jrmination  often  gone,  but  the  prism  sufficiently  preserved  to 
low  that  the  original  mineral  was  without  question  manganite 
ith  its  usual  prismatic  angle  of  80°.  In  others  of  the  crystals 
le  rebuilding  process  had  gone  farther  with  the  result  of  giv- 
lg  a  complete  tetragonal  crystal  with  the  habit  shown  in  ngs. 

and  4. 


The  planes  here  present,  being  referred  to  the  same  funda- 
lental  form  as  variety  A,  are : 

m(ll0,  J),  ft  (210,  *-2),  *(111,  1),  n(221,  2),  c(101,  1-/),  g(2Q\,  2-t). 

In  consequence  of  the  fact  that  the  crystals  are  all  composite 
rowths  the  planes  were  none  of  them  perfectly  smooth  and 
mple.  The  best  faces  for  measurement  were  those  of  the 
rramid  *,  though  here  there  is  commonly  an  oscillation  with  e 
id  sometimes  the  crystals  are  much  elongated  in  this  zone  and 
mnded  over  from  8  to  the  adjacent  *'. 

As  the  fundamental  angle  for  the  species  the  following  was 
^cepted  from  the  variety  B : 

•  jaj'    111*111  =57°  56'    whence    c  =  0-66467. 

Two  of  the  other  pyramidal  angles  on  the  same  crystal  gave 
*°  2'  and  58b  5'.  Tne  following  angles,  measured  on  crystals 
om  the  first  specimen,  will  serve  to  show  the  variation  men- 
ded : 

Am.  Jour.  Sol— Thibd  Sbwesl— Vol.  XXXV,  No.  207.— ttuwiu,  \*%fc. 
15 
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Ctlc 

hh' 

210-120 

36°  12',     36°    3', 

35°  56' 

36°  6!' 

hh"" 

210^210 

54°  10',      54°  43', 

64°50/ 

53*   8* 

«' 

101 ^  Oil 

46°  appro*. 

46*   5' 

U* 

321*231 

19°  58\     20°  53', 

20°  38' 

20*  51' 

«Tll 

321*321 

62°  11',     60°  46', 

61°  35' 

«Tiil 

321^321 

46°  28',     45*  50', 

46°  18' 

2&* 

321  *  23l 

50°  10',     50°  34', 

50°  %r 

c 

*€* 

s? 

Ca^siteriic.   SnO- 

06T32 

46°  28' 

58s    19' 

Polianite.      MnOs 

0OS47 

46-     5' 

67*  56' 

Rv.tile.          TiO. 

06442 

45°     2' 

56°  52^' 

~                \  ZrOs 
Zircon.       *  s.0f 

V  6404 

44=  50' 

56'  404' 

All  the  above  angles  were  measured  with  a  Fuess  goniometer 
with  two  telescopes.  In  addition,  two  subordinate  planes  n  and 
</were  determined  by  approximate  measurements  as  follows:* 
^=19°,  calc.  19°  26';  *n=18°-20°,  calc.  18°  46'. 

As  shown  above  the  measured  angles  vary  somewhat 
widely,  but  when  carefully  discussed  it  is  found  that  no  better 
agreement  is  obtained  wLen  an  assumption  is  made  that  the 
crystals  belong  to  a  system  of  lower  symmetry.  On  the  con- 
trary the  best  angles  lead  to  the  tetragonal  system,  to  which 
the  symmetry  in  the  development  and  character  of  the  indi- 
vidual planes  emphatically  conforms.  An  explanation  of  the 
variation  of  angle  is  doubtless  to  be  found  in  the  fact  stated 
that  the  crystals  are  all  composite,  and  the  individuals  of  , 
which  they  have  been  built  up  are  not  absolutely  in  parallel  jj 

ftsition.  A  comparison  of  the  angles  given  with  those  of 
ochlin  shows  that  he  must  have  had  crystals  resembling 
figure  1  in  hand,  in  fact  he  says  that  for  a  time  he  was  inclined 
to  consider  his  crystals  as  tetragonal  He  was  unfortunate  in 
his  material,  for  he  adds  that  he  was  rarely  able  to  use  the 
telescopes  of  the  goniometer.  Kochlin's  planes  referred  to  our 
fundamental  form  are  as  follows:  310=^,110=100,334=*. 
If,  however,  the  measurements  left  any  doubt  as  to  the  system 
to  which  polianite  should  be  referred,  this  is  removed  by  the 
relation  brought  out  by  the  above  "measurements,  namely,  that 
polianite  is  isomorphous  with  cassiterite  and  the  allied  species 
rutile  and  zircon.     The  relations  between  them  are  as  follows. 


The  interesting  group  of  oxides  having  the  general  formula 
\\Ot  thus  receives  an  important  addition,  a  result  whicli  yas 
not  anticipated  when  our  work  was  begun  but  which  can 
occasion  no  surprise. 

The  hardness  of  ln>th  specimens  of  the  polianite  is  0  to  65. 
The  specitie  gravity  of  A  was  found  to  be  4a992,  the  mean  ot 
three  determinations.  4V71  on  0*833  gr.?  4*965  on  0-813  gr., 
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►40  on  6*092  gr.  The  first  two  determinations  were  made 
a  chemical  balance  the  last  in  a  pycnometer.  These  results, 
dch  are  somewhat  higher  than  those  of  Breithaupt,  were 
tained  with  great  care,  the  material  being  first  boiled  in 
ter  for  some  time  to  drive  off  the  air.  The  crystals  show 
rfect  cleavage  parallel  to  m. 

The  chemical  examination  (Penfield)  showed  that  the  material 
s  pure  MnO,,  free  from  all  but  a  trace  of  water.  The  ana- 
ical  results  are  given  below  together  with  the  analysis  of 
ittner  of  the  original  polianite : 

A.  Ratio.  B..  Plattner.         Ratio. 

MnO 80-81  1138  81*17  1143 

0 1816  1135  [18-211  1132 

Pe,Os 16  17 

SiO, -36 

Inaol. -16  trace  13 

H,0 -28  trace  '32 

9993  100-00 

Loss  by  ignition... 12-44  12'42  12-43 

The  ratio  of  MnO :  O  is  almost  exactly  s  1 : 1  and  the  mineral 
therefore  a  very  pure  MnO,.  The  material  which  was 
alyzed  was  almost  wholly  soluble  in  HC1,  leaving  a  very 
fht  residue  0*16  per  cent,  the  remaining  0*36  per  cent  SiO, 
>arated  from  the  solution  by  evaporation  to  drvness. 
The  method  of  analysis  was  as  follows :  a  weighed  quantity 
material  was  ignited  over  the  blast  lamp  till  a  constant 
tight  was  obtained,  the  MnO,  being  converted  into  Mn,04. 
Eter  dissolving  the  oxide  in  HC1  the  Fe,0,  and  SiO,  were 
termined  and  the  solution  tested  for  Ba,  Ca  and  Mg.  From 
b  weight  of  the  Mnt04  after  deducting  Fe,Os  and  SiO,  the 
aO  was  calculated.  The  excess  of  O  over  MnO  was .  deter- 
ned  by  converting  oxalic  acid  into  CO,  and  collecting  and 
ighing  the  same  in  potash-bulbs.  The  H,0  was  determined 
igniting  the  mineral  in  a  hard  glass  tube  and  collecting  the 
iter  in  a  chloride  of  calcium  tube.  Tlue  chemical  identity  of 
was  proved  by  the  fact  that  it  gave  only  traces  of  water  in  a 
«ed  tube  and  lost  12*42  per  cent  by  strong  ignition.  The 
tited  oxide  was  soluble  in  HC1,  and  gave  traces  of  SiO,  after 
iporation  to  dryness. 

ive  purpose  in  a  later  article  to  present  some  observations 
>n  pyrolusite  and  the  related  minerals  braunite  and  haus- 
anite,  especially  with  reference  to  the  relation  of  pyrolusite 
x>lianite. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  On  the  Stalagmometer  and  its  use  in  quantitative  analytic— 
Two  years  or  more  ago,  Traubb  observed  the  markedly  greater 
effect  of  iso-amyl  alcohol,  in  lowering  the  height  of  a  capillary 
column,  over  that  of  ethyl  alcohol,  even  when  both  were  dilated 
with  water  to  the  same  extent.  He  based  upon  this  observation 
a  method  for  estimating  the  amount  of  fusel  oil  in  alcoholic  liq< 
uors,  and  constructed  an  instrument,  called  a  capillarinieter,  by 
which  the  capillary  elevation  could  be  easily  measured.  In  a 
liquid  containing  twenty  per  cent  of  alcohol,  one-tenth  of  a  per 
cent  of  fusel  oil  would  lower  the  column  a  millimeter.  As  this 
instrument  did  not  prove  convenient  in  practice,  the  author 
adopted  a  modified  method  of  testing,  also  founded  on  the  princi- 
ple of  surface  tension,  consisting  simply  in  counting  the  number 
of  drops  contained  in  a  given  volume  of  the  liquid.  To  facilitate 
the  process,  a  bulb  tube  was  used,  having  marks  above  and  below 
the  oulb,  the  volume  between  the  two  marks  being  known.  Be- 
low, the  tube  was  bent  at  right  angles,  united  to  a  short  capillary 
tube,  then  bent  downward  again,  terminating  in  a  flat  disk  having 
a  small  hole  in  the  center.  This  instrument  he  calls  a  stalag- 
mometer, and  by  its  means  drops  may  be  counted  with  an  error 
of  not  more  than  0*2  of  a  drop  in  100  drops.  To  use  it  the  alco- 
holic liquid  to  be  tested  is  diluted  to  contain  about  20  per  cent 
of  alcohol  by  volume,  the  stalagmometer  is  filled  with  it,  the 
number  of  drops  in  the  given  volume  counted  and  compared  with 
the  corresponding  number  given  by  pure  20  per  cent  alcoboL 
An  excess  in  the  iormer  case  of  1*6  drops  in  100  corresponds  to 
0*1  per  cent  fusel  oil,  of  3*5  drops  to  0'2  per  cent,  etc.  Since  the 
maximum  error  is  0*2  of  a  drop  in  100,  as  small  a  quantity  as  0*05 
per  cent  of  fusel  oil  can  thus  be  certainly  detected.  In  order  to 
increase  the  delicacy  of  the  method,  the  author  concentrates  the 
solution  as  follows  :  about  300  c.  c.  oi  the  alcoholic  liquor,  pre- 
viously diluted  to  a  20  per  cent  strength,  is  placed  in  a  stoppered 
separating  funnel  furnished  with  a  tap,  from  110  to  120  grams  of 
pure  ammonium  sulphate  is  added  and  the  whole  is  shaken,  until 
on  standing  for  a  minute  or  two,  it  separates  into  two  well-defined 
layers.  The  upner  of  these  is  diluted  with  water  and  two-thirds 
of  it  distilled  oft.  The  distillate  is  made  up  to  100  c.c,  its  density 
is  determined,  and  after  dilution  to  20  per  cent  it  is  placed  in  the 
stalagmometer  and  the  number  of  drops  compared  with  that  ob- 
tained with  pure  alcohol  of  the  same  strength.  In  a  series  ol 
comparative  tests,  hiBcl  oil  being  added  to  pure  alcohol  to  the 
extent  of  0*05,  0*10,  0*18  and  0*3  per  cent  respectively,  the  stalag 
mometer  method  gave  0*04,  0*07,  0*18  and  0*26  per  cent.  In  gee 
eral,  the  influence  of  the  compound  ethers  and  etherial  oils  is  to- 
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ight  to  affect  the  result.  But  even  this  influence  may  be  entirely 
liroinated  by  previous  distillation  with  an  alkali  solution. 

In  subsequent  papers  Tbaubr  has  extended  this  method  to  the 
stimation  of  the  strength  of  ethyl  alcohol  and  of  acetic  acid,  and 
o  the  determination  of  the  alcoholic  strength  of  wine,  beer  and 
iqueurs.  He  gives  carefully  prepared  tables  of  the  number  of 
Lrops  given  by  mixtures  of  absolute  alcohol  and  water  varying  by 
ienths  from  0  to  10  per  cent  by  weight,  and  in  temperature  by  de- 
crees from  10°  to  30°  ;  those  given  by  pure  water  at  15°  being  100. 
At  a  concentration  of  20  per  cent,  an  error  of  0*2  drop  in  100,  cor- 
responds to  an  error  of  only  0*1  per  cent  in  the  amount  of  alcohol. 
The  acetic  acid  table  is  similar,  but  its  range  in  temperature  is 
only  from  11°  to  29°  in  2°  stages.  The  results  of  the  method  as 
applied  to  wine  and  beer  are  given  and  show  that  it  may  be  relied 
on  within  0*1  per  cent,  when  used  on  the  distillate. — Ber.  BerL 
Chem.  Ges.,  xx,  2644,  2824,  2829,  2831,  Oct.,  Nov.,  1887. 

G»    F.    B. 

2.  On   Apantlesis ;    a  Separation    of  the    Constituents  of  a 
Solution  by  Rise  of  Temperature, — Having  observed  that  on  sev- 
eral occasions  the  upper  part  of  an  alcohol  thermometer  column, 
after  having  slowly  risen  from  a  considerable  contraction,   was 
colorless,  and  that  no  deposit  of  the  coloring  matter  (probably 
cochineal)   had   taken   place,  Mallet  was  led  to  make  further 
experiments  in   this   direction.      It   seemed   as   if  the   colorless 
alcohol  had  by  its  expansion  separated  itself  from  a  still  perfect 
solution  left  behind.     The  solutions  used   were  partly  aqueous 
partly  alcoholic,   of  several   colloid    substances,   starch,  tannin, 
caramel,  albumen  and  gelatin.     Each  solution  was  placed  in  a 
flask  of  about  half  a  liter  capacity,  surrounded  with  ice,  the 
mouth  of  the  flask  being  closed  with  a  cork  carrying  a  glass 
tube  about  4mm  in  diameter  and  15  or  20cm  long,  having  a  glass 
Up  near  its  middle  point      The  ice  being  removed  the  liquid 
*aa  allowed  to  rise  in  temperature  until  the  column,  originally  a 
Centimeter  or  two  below  the  tap,  was  as  much  above  it.     The  tap 
fras  now  closed  and  the  liquid  above  it  submitted  to  examination 
n  comparison  with  an  equal  volume  of  the  original  solution.     In 
ill  cases  the  liquid  above  the  tap  contained  a  less  amount  of 
rjaterial  in  solution,  in  some  cases  very  notably  less  ;  while  in 
wo  offeree  cases  there  was  practically  none.     As  all  the  solu- 
ions  were  carefully  filtered  at  the  outset,  there  could  have  been 
o  settling  of  particles.     The  conditions  influencing  the  result 
eem  to  be:  first  the  proportion  of  the  colloid  solid  in  solution  ; 
nd  second,  the  time  occupied  in  the  rise  of  temperature.     The 
uthor  has  given  the  name  apantlesis  to  this  phenomenon,  signify- 
ig  a  draining  away  of  some  of  the  molecules  of  the  solvent  from 
lose  of  the  colloid  while  the  solution  was  undergoing  expansion. 
'Chem.  News,  Ivi,  146,  Oct.,  1887.  g.  f.  b. 

3.  On  the  Properties  of  Fluorine. — Moissan  has  published  in 
ill  his  investigation  upon  the  isolation  of  fluorine,  made  in 
ebray's  laboratory.     As  we  have  already  noticed  his  methods* 

*See  this  Journal  for  March,  1881,  p.  2S*. 
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we  give  here  his  conclusions  on  the  properties  of  fluorine.    It  is  & 
colorless  gas,  having  an  odor  recalling  that  of  hypochlorous  acid. 
It  combines  directly  with  hydrogen  even  in  the  dark  and  without 
the  aid  of  heat ;  being  the  only  instance  where  two  gases  unite 
directly  without  the  aid  of  external  energy.     Sulphur,  selenium 
and  tellurium  are  inflamed  on  contact  with  it.     Phosphorus  takes 
fire  in  it,  and  yields  a  mixture  of  oxyfluoride  and  of  fluorides  of 
phosphorus.     Iodine  burns  in  it  with  a  pale  flame ;   arsenic  and 
antimony  unite  with  it  with  incandescence.     Crystallized  silicon, 
cold,  burns  brilliantly  in  it,  yielding  the  gaseous  fluoride.    Ada- 
mantine   boron   also    burns   in    it,    but    with    more    difficulty. 
Potassium  and  sodium  become  incandescent  when  cold,  iron  and 
manganese  when  slightly  heated.    Mercury  absorbs  it  completely, 
but  gold  and  platinum  are  not  attacked  by  it  at  ordinary  tempe- 
ratures.      Melted   potassium   chloride    and  iodide  are  at  once 
attacked  by  it,  the  chlorine  and  iodine  being  set  free,  the  latter 
in  the  form  of  crystals.     Water  is  decomposed  by  it  in  the  cold, 
forming  hydrogen   fluoride  and   setting  free  ozonized    oxygen. 
Carbon  bisulphide  is  at  once  inflamed  by  fluorine ;  and  when  this 
gas  is  received  iu  carbon  tetrachloride,  it  produces  a  continual 
evolution  of  chlorine.     Organic  bodies  containing  hydrogen  are 
violently  attacked  by  fluorine.     A  fragment  of  cork  is  carbonwed 
at  once  and  ignited   if  placed  in   front  of   the  evolution  tube. 
Alcohol,  ether,  benzene,  turpentine,  petroleum  take  Are  on  contact 
with  this  gas.     In  a  word,  fluorine  appears  justly  to  occupy  the 
place  hitherto  assigned  to  it  at  the  head  of  the  group  of  halogens, 
as    a    substance   whose    activity    surpasses    that    of    any  other 
element.— Ann.  Chhn.  Phys.,  Vl,  xii,  472-538,  Dec,  1887. 

G.   F.  B. 

4.    On  0.n/*/?n  Carrim. — Lothar  Mkyer  has  made  a  series  of 
experiments  to  test  the  alleged  function  of  certain  substances  as 
oxygen    carriers.       Oxygen    and    sulphur    dioxide    gases   were 
passed   for  four  hours,  as  a  rule,  through  solutions  of  the  salts  to 
be  tested,  of  known  concentration,  heated  in  flasks  placed  on  the 
water   hath.      After  expelling  the  excess  of  sulphur  dioxide  by 
carbon  dioxide  gas,  the  sulphuric  acid  which  had  been  formed  in 
the  solution    by   oxidation    was  determined    by    analysis.     The 
results   continued   the   alleged    fact.      The   most   active  salt  wa* 
manganou*  sulphate,  MnS<>4  .  (Hc0)>0  2-404   grams  of  wtlch  dis- 
solved in  JoO  c.c.  ^\  water,  produced  live  times  as  much  sulphuric 
acid   as    the    salt    itselt   contained  :    i.  e.,    (H^SO^    for    MnS04. 
Manganous   chloride  was  also  active  and    produced  4*3  molecule* 
ll.:S04  in  the  same  time.     The  salts  of  copper,  iron,  cobalt,  nickel, 
zinc,   cadmium   and  magnesium    were    also  active   but  in  a  less 
degree:    while   thallium    and    potassium    salts   gave    no   result- 
The    author  attributes  this  action    to   alternate    oxidation  and 
reduction,   since   those   metaU    are   the   most    active  which  pas* 
most     readi!v    from     one    >ta£o    of   oxidation   to    another.— R^» 
/>»;•/.  f  7<e//j.  (t'N.,  xx,  :ii\">S.  Nov.,  l^ST.  <;.  f.  b. 

f>.    (hi  th<    Atomic  Way/it  oj  Zinc. — Reynolds  and  Ramsa* 
by  measuring  \Y\roc\\v  \W  Vw&tosyw  *vi  free  bv  the  solution  of  s 
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mown  weight  of  zinc  in  acid  have  obtained  the  value  65*50  for 
lie  atomic  weight  of  this  metal.  This  method  has  the  advantage 
>f  being  independent  of  any  other  atomic  weights. — J.  Chem. 
Sac.,  1i,  854,  Dec,  1887.  o.  p.  b. 

6.   A   Text-book  of  Inorganic  Chemistry. — By  Prof.  Victor 
ton  Ricbter.     Authorized  translation  by  Prof.  Edgar  F.  Smith. 
Third  American  from  the  fifth  German  edition.     12 mo,  pp.  zvi, 
428.     Philadelphia,  1887.     (P.  Blakiston,  Son  <fc  Co.)— This  book 
has  been  for  some  time  in  the  hands  of  American  readers,  and  the 
demand  for  a  third  edition  is  evidence  that  it  has  been  well  re- 
ceived.    In  the  thirty  pages  of  introduction,  the  author  sketches 
the  province  of  chemistry,  its  symbols  and  formulas,  the  principles 
of  energy,  and  the  conservation  of  energy,  the  energy-relations  of 
chemical  changes  and  crystallography.     The  elements  are  then 
taken  op,  beginning  with  hydrogen,  and  the  philosophy  of  chem- 
istry is  gradually  worked  in  as  it  is  required.     For  instance,  after 
the  hydrogen  compounds  of  the  halogens,  the  law  of  definite  pro- 
portions,  the  atomic  theory,  and  the  volume  relations  of  the  ele- 
ments are  discussed.     A  hundred  pages  later  come  atomic  and 
molecular  values,  valence  and  chemical  structure;  and  at  the  close 
of  the  non-metallic  groups,  the  periodic  system  is  considered.    An 
excellent  feature  of  the  book  is  the  considerable  space  given  to 
the  energy  relations  of  chemical  changes,  particularly  to  heat  re- 
lations.    The  distinction  drawn  by  Berthelot  between  epothermic 
and  endothermic  reactions  is  emphasized  and  the  great  importance 
of  such  reactions  as  H  + CI =HC1  + 22000  cal.  and  H  +  I=HI— 7000 
cal.  is  maintained  firmly.     We  are  glad  to  note  an  extension  of 
this  thermal  discussion,  as  well  as  of  other  physical  relations,  in- 
timately associated  with  chemistry,  in   this  third   edition.     The 
section  on  Mendelejeff's  periodic  system  of  the  elements  is  care- 
fully written  and  gives  an  excellent  account  of  this  remarkable 
classification.     In  an  appendix  is  given  the  heat  ot  formation  of 
the  most  important  metallic  compounds  according  to  J.  Thomsen. 
Dr.  Smith  has  performed  well  the  part  of  a  translator,  although  a 
want  of  perfect  smoothness  in  flow  sometimes  betrays  the  diffi- 
culties he  has  had  to  contend  with.     The  printing  and  mechanical 
work  are  good,  but  the  woodcuts  seem  hardly  up  to  the  standard 
of  the  rest  of  the  book.  g.  p.  b. 

7.  A  Manual  of  Analytical  Chemistry ;  by  John  Muter. 
Third  edition.  200  pp.  Philadelphia,  1887.  (P.  Blakiston,  Son 
4*  Co.). — Muter's  Analytical  Chemistry  appears  in  the  third  edi- 
tion in  compact  form  but  enlarged  in  scope.  Of  the  host  of 
works  of  its  kind,  dealing  simply  with  the  outlines  of  the  subject, 
rt  is  one  of  the  fullest  and  best. 

8.  A  new  instrument  for  measuring  heat. — Prof.  Weber  at  a 
peeting  of  the  Helvetii  Society  of  Sciences  described  the  follow- 
*n$  very  sensitive  micro-radiometer.  One  arm  of  a  Wheatstone 
bridge  is  formed  by  a  thin  tube,  which  is  filled  in  its  middle  part 
^lth  mercury,  and  at  its  ends,  for  about  5mm,  with  a  solution  of 
fl&c  sulphate.  To  each  end  of  the  tube  is  fitted  a  metallic  case, 
°ae  side  of  which  consists  of  a  plate  of  rock  aata.    T\\\%  c&&* \% 
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filled  with  air,  which  dilates  under  the  influence  of  radiation, 
forces  back  the  zinc  sulphate  solution  in  the  tube,  and  thus  greatly 
increases  the  electrical  resistance  on  that  side.  The  apparatus  is 
made  symmetrical  to  eliminate  variations  of  pressure  and  tem- 
perature. This  radiometer  will  indicate  one  hundred  millionth  of 
a  degree.  The  moon's  radiation  gives  a  galvanometer  deflection 
of  five  divisions. — Nature,  p.  15V,  Dec.  15,  188V.  J.  t. 

9.  Velocity  of  Sound. — At  a  meeting  of  the  Physical  Society, 
London,  Nov.  12,  Prof.  A.  W.  Ruckbb  exhibited  an  apparatus 
for  determining  the  velocity  of  sound  on  the  principle  employed 
by  Fizeau  for  measuring  the  velocity  of  light.  "  A  vibrating 
reed  is  used  as  the  source  of  sound  and  a  sensitive  flame  as  the 
receiver.  A  long  U-shaped  tube  has  its  two  ends  placed  near 
and  parallel  to  the  plane  of  a  perforated  disc,  which  is  capable  of 
rotating  about  an  axis  perpendicular  to  its  own  plane.  The  reed 
and  sensitive  flame  occupy  similar  positions  on  the  opposite  side 
of  the  disc.  On  rotating  the  disc  the  sensitive  flame  flares  or  is 
quiescent  according  as  the  time  taken  to  travel  the  length  of  the 

tube  is  an  even  or  an  odd  multiple  of  -  -,  where  T  is  the  time  of 

one  revolution  and  n  the  number  of  holes  in  the  disc." — Natwty 
p.  119,  Dec.  1,  188V.  J.t. 

10.  On  the  transmission  of  power  by  alternating  electrical  oar- 
rtnts. — Mr.  T.  H.  Blakeslky,  in  a  communication  to  the  Physical 
Society,  London,  Nov.  12,  discussed  the  relative  efficiency  of  the 
transmission  of  power  by  direct  and  by  alternating  dynamos,  and 
concludes  that  the  ratio  of  power  to  weight  is  much  greater  for  a 
direct  than  an  alternating  current  motor.  The  author  considers 
this  a  great  drawback  to  the  employment  of  the  latter.  He  also 
showed  that  by  placing  a  condenser  between  the  terminals  of  the 
recipient  machine  a  greater  current  could  be  passed  through  the 
receiver  than  that  in  the  generator  and  line. — Nature,  p.  11 9, 
Dec.  1,  1887.  J.  t. 

1 1.  Measurement  of  Electromotive  Forces. — Sir  William  Thom- 
son has  employed  his  new  deciampere  balance  to  the  determina- 
tion of  the  electromotive  force  of  a  Clark  cell.  The  result  ob- 
tained was  1-436  volts  at  15°  C.  The  result  obtained  by  Lord 
Rayleigh  was  1435  at  i5°  C.—P/iU.  May.,  p.  514,  Dec,  1887. 

J.  T. 

1*2.  Influence  of  Magnetism  on  the  llier mo-electric  behavior  of 
Bismuth. — Dr.  Giovanni  Pietro  Gkimaldi  shows  that  the  ther- 
mo-electric  behavior  of  bismuth  in  relation  to  copper  is  weakened 
by  magnetism.  The  diminution  of  the  electromotive  force  was 
about  -faj  — ,  and  seemed  to  be  of  the  same  order  of  magnitude  as 
the  variations  in  electrical  resistance  investigated  by  Righi.— 
liendiconti  delta  R.  Accademia  del  Lincei,  Feb.,  1887.        J.  t. 

13.  Coincidence*  between  lines  of  different  Spectra. — The  diffi- 
culty of  deciding  upon  the  existence  of  a  metal,  like  cerium,  in  the 
sun,  is  very  great,  since,  on  account  of  the  number  of  lines  in  the 
spectrum  of  the  metal,  the  probability  of  many  of  its  lines  coin- 
position  with  lines  \u  tUe  solar  spectrum  is  very  great 
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'his  coincidence  may  be  only  accidental.  Schuster  has  employed 
criterion  which  depends  upon  a  supposed  harmonic  relation  be- 
ween  the  lines  of  a  spectrum.  Mr.  Love  employs  a  method 
f  discrimination  based  upon  the  law  of  error.  The  differences 
etween  the  wave-length  of  the  lines  compared  are  arranged  in 
roups,  each  group  containing  those  observations,  the  errors  of 
rbich  lie  within  certain  narrow  limits.  The  number  of  observa- 
lods  in  each  group  is  then  plotted  as  an  ordinate  of  a  curve,  the 
verage  error  of  the  group  being  the  abscissa.    This  curve  is  then 

ompared  with  the  law  of  error  y  =  as—  .  To  show  the  appli- 
ability  of  the  method,  various  curves  are  given,  notably  those 
lue  to  observations  on  cerium  and  the  spectrum  of  water. — Phil. 
Mag.y  Jan.  1888,  pp.  1-6.  j.  t. 

14.  Influence  of  thickness  and  luminosity  of  light-producing 
ayers,  upon  the  character  of  spectra. — Certain  authors,  notably 
rV'tlllner  in  his  work  on  Experimental  Physics,  maintain  that  line 
rod  banded  spectra  can  be  made  interchangeable  by  modifying 
he  pressure  of  the  gases  or  increasing  or  diminishing  the  extent 
>f  the  layer  which  is  made  luminous  by  electrical  discharges. 
Sbert,  by  a  series  of  experiments,  is  brought  to  the  conclusion 
hat  the  experiments  adduced  by  Wflllner  and  other  writers, 
nerely  show  that  banded  spectra  can  be  reduced  to  line  spectra 
>y  diminishing  the  illumination.  No  increase  or  diminution  of 
lensity  or  thickness  of  luminous  layers  can  account  for  the  change 
>f  one  class  of  spectra  with  another.  This  change  must  be  rather 
ittributed  to  a  change  in  the  molecular  grouping. — Ann.  der 
Physik  und  Chen  tie,  No.  1,  1888.  j.  t. 

15.  On  the  measurement  of  force  of  gravitation. — The  deter- 
nination  of  the  force  of  gravitation  by  means  of  a  pendulum,  it 
s  well-known,  requires  great  skill  and  the  employment  of  many 
sorrections.  In  a  note  presented  to  the  Academy  of  Science,  M. 
Oefporges  shows  that  we  can  eliminate  the  effects  of  the  sup- 
>ort  and  that  due  to  the  curvature  of  the  knife-edges  by  making 
lse  of  two  pendulums  which  oscillate  within  the  same  limits  of 
implitudc  upon  the  same  support  and  the  same  knife  edges. 
These  pendulums  have  the  same  weight,  but  are  of  different 
engths.  Their  centers  of  gravity  are  similarly  placed  in  regard 
o  the  sides  of  the  knife-edges. —  Comptes  Rendus,  Jan.  9,  1 888, 
).  126.  J.  t. 

16.  Influence  of  temperature  on  Magnetization. — In  studying  this 
mbject,  M.  Ledeboer  made  use  of  the  novel  plan  of  placing  the 
>ars  of  iron  or  steel  in  platinum  spirals  which  were  heated  to  suit- 
ible  temperatures  by  means  of  an  electrical  current.  The  soft 
ron  examined  by  M.  Ledeboer,  lost  its  magnetism  entirely  at  770° 
3.  and  had  barely  any  at  750°  C.  In  a  recent  study  upon  the  spe- 
cific heat  of  iron  at  high  temperatures,  M.  Pionchon  has  shown 
hat  iron  undergoes  a  change  of  state  between  660°  and  720°. 
ron  loses  its  magnetic  properties  also  between  680°  and  770°. 
If.  Ledeboer  calls  attention  to  this  remarkable  fact. —  Comptes 
Kendus,  Jan.  9,  1888,  p.  129.  j.  t. 
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* 
IL  Geology  and  Mineralogy. 

1.  Note  respecting  the  term  Agnotozoic. — In  the  closing  por- 
tion of  the  article  in  the  November  number  of  this  Journal 
entitled  "  Is  there  a  Haronian  Group?"  Prof.  R.  D.  Irving  has 
advocated  the  adoption  of  the  term  "Agnotozoic"  as  a  compre- 
hensive designation  for  the  fragmental  rocks  which  lie  between 
the  base  of  the  Cambrian  formations  and  the  summit  of  the  Ar- 
chaean crystallines,  and  has  credited  me  with  the  authorship  of 
the  term  and  the  early  advocacy  of  the  desirableness  of  a  distinct 
name  for  these  formations.  Concerning  this  I  wish  to  file  a  dis- 
claimer ;  not  that  I  do  not  fully  concur  with  Professor  Irving  in 
this  advocacy,  for  I  do  most  cordially,  nor  because  I  suppose  it  to 
be  a  matter  of  consequence  to  Professor  Irving,  since  I  know  that 
he  holds  all  questions  of  priority  or  proprietorship  in  nomencla- 
ture in  little  esteem,  it*  not  in  light  contempt  I  wish  to  file  the 
disclaimer  not  because  of  this  special  case  but  out  of  respect  for 
a  general  principle  in  nomenclature,  which  I  hope  to  see  adopted 
to  the  displacement  of  a  purely  technical  and  iudiscriminative  ap- 
plication of  the  law  of  priority.  I  hold  that  nomenclature  of  the 
class  in  question  should  rest,  not  with  some  individual  who, 
stauding  by  and  looking  upon  the  work  of  others,  may  see,  per- 
chance before  they  do,  whereunto  their  labors  are  growing ;  nor 
with  some  one,  who,  on  the  basis  of  superficial  observation  and 
hasty  conjecture,  throws  out  first  to  the  world  a  tentative  nomencla- 
ture, leaving  it  to  the  future  and  to  the  labors  of  others  to  justify 
or  reject ;  but  on  the  contrary,  I  hold  it  should  rest  with  the 
patient  and  thoroughgoing  investigator,  who  by  careful  and  com- 
prehensive study  develops  an  adequate  basis  for  nomenclature, 
properly  sanctioned  by  a  broad  and  trustworthy  array  of  facts. 
I  have  been  in  some  senses  a  student  of  the  formations  to  be  em- 
braced under  the  proposed  term,  but  in  no  such  sense  as  to  give 
me  the  right  of  nomenclature  under  this  principle.  If,  therefore, 
this  term  shall  be  adopted,  as  I  sincerely  trust  it  may,  I  earnestly 
desire  that  it  shall  stand  to  the  credit  of  some  one  who  has  had  * 
larger  part  in  the  actual  development  of  the  facts  upon  which  its 
adoption  must  rest,  among  whom  1  know  of  no  one  who  has  con- 
tributed more  than  Professor  Irving. 

If  it  were  needful  I  could  take  refuse  behind  the  fact  that  al- 
though  I  have  used  the  term  in  correspondence,  conversation, 
discussion  and  other  informal  ways  for  the  past  two  years,  more 
or  less,  I  have  nowhere  formally  proposed  it  in  a  scientific  publi- 
cation ;  but  it  is  the  principle  of  just  nomenclature,  and  not  a  spe- 
cific result  in  this  case  that  gives  purpose  to  this  note. 

On  this  principle,  as  well  as  technically  also,  the  name  Kewee- 
nawian  or  Keweenawan  should  be  credited  to  Major  T.  B.  Brooks, 
or  to  Messrs.  Brooks  and  Pumpclly  jointly,  since  it  was  througH 
their  labors  that  there  was  first  presented  a  sufficient  body  ox 
specific  facts,  correctly  interpreted,  to  justify  the  adoption  of  th« 
term  by  those  who  accept  the  distinctness  of  that  formation.   The 
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teweenian  was  not  only  proposed  subsequently,  but  rested 
10  extensive,  careful  and  specific  field  investigation  on  the 
f  the  author,  which,  on  the  principle  above  indicated,  is  the 
ary  sanction  of  acceptable  nomenclature. 

T.    C.    CHAMBERLIN. 

sreity  of  Wisconsin,  Nov.  15,  1887. 

lontributions  to  the  Paleontology  of  Brazil,  comprising 
Hions  of  Cretaceous  Invertebrate  fossils,  mainly  from  the 
ices  of  Sergipe,  Pemambuco,  Para  and  Bahia;  by  Charles 
uite.  From  vol.  vii  of  Arch,  do  Mus.  Nacional  do  Rio  de 
o.  274  pp.  4 to,  with  28  plates. — The  Cretaceous  fossils 
bed  by  Dr.  White  were  collected  by  the  Geological  Survey 
zil  while  it  was  under  the  charge  of  Prof.  C.  F.  Hartt,  and 
ent  to  Dr.  White  for  description  by  Mr.  Orville  A.  Derby. 
>cks  occupy  a  coast  region  from  the  mouth  of  the  Amazon 
yard  for  eighteen  degrees  of  latitude.  The  fossils  include 
Cretaceous  types,  but  it  is  remarkable,  says  Dr.  White,  that 
>nchifers,  and  especially  the  gasteropoda,  have  little  in 
m  with  those  of  North  America.  The  fauna  as  a  whole 
to  be  more  nearly  related  to  the  Cretaceous  of  southern 
than  to  any  other  thai  has  been  investigated — a  fact  appa- 

indicating  that  part  of  the  peculiarities  may  be  due  to  the 
trial  temperature.  The  fauna  is  spoken  of  as  having  also  a 
ry  feature  in  the  presence  of  species  of  Fusus,  Murex,  Phorus, 
The  most  of  the  species  are  new.  They  are  beautifully 
1  on  the  28  lithographic  plates.  The  Cephalopods  are  re- 
to  thirteen  species  and  among  them  there  is  one  Helicoceras. 
mmonites  include  Ammonites  Hopkinsi  of  Forbes  which 

well  with  Stoliczka's  figures  of  a  specimen  from  India,  and 
ntdatus  Sowerby,  which  also  occurs  in  India,  or  a  species 
lear  it.  Plates  27  and  28  are  devoted  to  the  Echinoderms, 
ch  there  are  15  species. 

Irkansas  Geological  Survey. — The  Geological  Survey  of 
sas,  under  the  charge  of  Dr.  Branner,  is  going  forward  with 
through  the  aid  chiefly  of  volunteer  assistants.    A  report  on 

County  by  Mr.  R.  T.  Hill,  with  a  geological  map,  will  be 
d  this  season,  and  another,  on  Washington  County,  by  Dr. 

Symonds.  Work  is  going  forward  also  on  the  coal  fields 
thur  Winslow. 

7ossils  of  Littleton,  New  Hampshire. — The  Littleton  fossils 
eferred  to  the  Niagara  group  by  Prof.  C.  H.  Hitchcock,  in 
in  a  paper  on  Geological  Sections  crossing  New  Hamp- 
,nd  Vermont,  in  the  Bulletin  of  the  American  Museum  of 
il  History  of  New  York. 

^aleeolithic  Man  in  Northwest  Middlesex :  The  evidence  of 
stence  and  the  physical  conditions  under  which  he  lived  in 
'  and  its  neighbourhood,  illustrated  by  the  condition  and 
5  presented  by  certain  existing  savages ;  by  John  Allen 
»,  F.G.S.  228  pp.,  8vo,  with  frontispiece  and  8  plates. 
n,  1887.     [Macmillan  &  Co.] — This  interesting  volume  is 
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illustrated  by  figures  of  Hint  implements  of  various  forms  from 
the  vicinity  of  Ealing.  To  these  are  added  representations  of 
similar  implements  from  other  beds  of  like  age,  and  also  from 
those  now  in  use  among  existing  men,  as  the  Esquimaux,  Aus- 
tralians, Fuegians  and  others  ;  and  the  frontispiece  represents,  in 
an  ideal  picture,  the  method  of  chipping  the  flint  into  arrow-heads 
and  other  forms. 

0.  On  the  Organization  of  the  Fossil  Plants  of  the  Coal 
Measures.  Part  XIII ;  by  W.  C.  Williamson,  LL.D.,  F.RS. 
Philosophical  Transactions  of  the  Royal  Society  of  London,  vol. 
clxxviii,  1887. — Nearly  six  years  have  elapsed  since  the  appear- 
ance in  1882  of  the  twelfth  of  this  remarkable  series  of  memoirs 
which,  prior  to  that  date  had  been  issued  at  the  rate  of  one  every 
year  since  their  commencement  in  1871.  The  casual  observer 
might  infer  from  this  that  the  powers  of  the  distinguished  author 
were  failing,  but  when  we  learn  what  other  work  he  has  done 
during  this  interval  we  cannot  wonder  that  the  special  investiga- 
tions which  are  recorded  in  these  memoirs  have  been  somewhat 
interrupted. 

One  would  suppose  that  the  preparation  of  his  splendid  Mono- 
graph on  the  Morphology  and  Histology  of  Stigmaria  ficoides, 
published  by  the  Palseontographical  Society  in  1887,  might  have 
occupied  the  whole  of  this  time,  not  to  speak  of  his  work  for  the 
British  Association,  as  president  of  the  Geological  Section  and 
on  committees  for  the  investigation  of  the  Tertiary  flora  of  the 
north  of  Ireland  and  of  that  of  the  Halifax  coal  measures,  which, 
with  his  other  collateral  work  aggregate  a  score  or  more  of  im- 
portant contributions  from  his  pen  to  the  science  of  fossil  plants 
during  the  past  five  vcars. 

l  he  present  memoir  deals  with  some  new  phases  of  his  two 
jenera,  Heterangium  and  Kaloxylon,  which  he  established  in  Part 
IN  of  this  series  in  1S73.  The  mo>t  important  fact  now  brought 
out  is  that  these  plants,  while  possessing  most  of  the  points  of 
st ructuiv  essential  to  ferns  have,  nevertheless,  at  the  proper 
period  of  their  growth,  a  distinct  exogenous  rone  with  a  cam- 
bium layer  separating  the  xylem  from  the  phloeiu.  Relative  to 
the  systematic  position  of  these  remarkable  plants  he  is  only  cer- 
tain that  they  have  no  representatives  among  living  plants.  He 
suggots  the  possibility  of  their  being  the  geueralfzed  ancestors 
of  both  ferns  and  eyoads.  and  cites  Stangeria  with  its  fern  like 
dichotomous  nervation  linking  these  two  "families  of  plants  by 
their  loiiage  in  a  manner  simitar  to  that  in  which  these  extinct 
tonus  link  them  by  their  internal  structure.  L.  F.  w. 

7.  i\i.*.i;o;i.e  /  r;.<  F*<;;  _V-?f*«»«-r/i<i  •«  th<  BritUh  Mwxum; 
by  Ku-iiiKu  I.yihkkkk,  F.G.S.,  part  \\  London,  1SS7.— This 
1  art  finishes  the  Oaiaio^in.     I:  includes  the  ctoup   Tillodontia, 
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100  pp.,  12mo.,  Philadelphia,  1888. — Prof.  Heilprin  has  here 
>resented  a  brief  review  of  the  more  prominent  facts  in  paleon- 
tology supporting  the  theory  of  evolution.  It  is  a  carefully 
>repared  statement  made  with  little  technicality,  and  illustrated 
>y  good  figures. 

9.  Kilauea. — In  the  paper  by  Mr.  J.  S.  Emerson,  in  volume 
cxxiii,  page  90,  the  words  "  Little  Beggar,"  in  line  27  from  the 
.op  should  be  "  New  Lake." 

10.  AUgemeine  und  chemische  Geologic  von  Justus  Roth. 
tad  volume,  third  part  closing  the  volume.  Crystalline  Schists 
ind  Sedimentary  Rocks. — The  author  opens  his  chapter  on  the 
Crystalline  Schists  with  the  reraaj'k  that  in  his  opinion,  the 
schists  are  Plutonic,  or  the  material  of  the  earth's  first-cooled 
srust.  He  has  thus  got  back  to  old  an  error,  through  the  help  of 
the  new  facts  put  forward  by  Dr.  Leh man n,  just  at  a  time  when 
apposing  facts  are  fast  multiplying.  The  value  of  the  work, 
however,  is  not  much  affected  by  the  theoretical  assumption,  ex- 
cept that  he  cites  statements  that  coincide  with  the  view,  and 
omits  the  facts  that  disagree  with  it.  The  rocks  are  described 
with  fullness,  many  chemical  analyses  are  given,  and  long  lists 
of  localities  are  added.  Quartzite  is  placed  rightly  both  under 
u crystalline  schists"  and  u  Neptunian  rocks;"  but  among  his 
North  American  localities  those  of  the  Taconic  region  of  west- 
ern New  England  are  omitted;  evidently  because  the  associated 
mica  schists  of  Western  Massachusetts,  alternating  in  some 
places  with  the  quartzite,  would  throw  them  with  the  "  Plu- 
tonic," and  yet  a  Lower  Paleozoic  age  is  claimed  for  them,  which 
puts  the  author  in  suspense. 

11.  Mineral  Resources  of  the  United  States. — Calendar  year 
1886.  David  T.  Day,  Chief  of  Division  of  Mining  Statistics  and 
Technology.  818  pp.  8vo.  Washington,  1887,  (U.  S.  Geological 
8urvey,  J.  W.  Powell  in  charge).  This  fourth  volume  of  the  se- 
ries of  reports  on  the  Mineral  resources  of  this  country,  appears 
with  commendable  promptness,  reflecting  credit  in  this  respect  as 
in  others  upon  the  editor,  Mr.  David  T.  Day.  Its  scope  is  similar 
to  that  of  its  predecessor,  and  like  them  it  contains  an  immense 
amount  of  valuable  practical  and  scientific  information  not  to  be 
obtained  elsewhere.  A  large  part  of  the  space  is  given  to  de- 
tailed discussions  in  regard  to  the  important  metals,  fuels,  build- 
ing stones,  etc.,  but  there  is  also  considerable  fresh  information  as 
to  the  rarer  substances  of  less  economic  value. 

12.  Native  Platinum  from  Canada. — Mr.  G.  C.  Hoffmann,  of 
the  Canada  Geological  Survey,  has  contributed  a  series  of  analy- 
ses of  native  platinum  from  (rranite  Creek,  a  branch  of  the  Tula- 
meen  River  in  British  Columbia.  The  specimen  in  hand  con- 
sisted of  98  per  cent  platinum  with  a  little  gold  and  pyrite ;  the 
specific  gravity  was  found  to  be  16*656  after  removing  the  foreign 
matter.  It  was  separated  into  a  magnetic  portion  (A),  37*88  per 
cent,  with  G.  =  16*095,  and  a  non-magnetic  portion  (B)  with  G.= 
17*017.     The  mean  analyses  gave  ; 
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Pt         Pd         Rd        lr 

A.  Magnetic,         78*43     0*09     170     1*04 

B.  Non-magnetic,  6819     0*26    3*10     1*21 

The  magnetic  portion  was  distinctly  niagneti-polar,  bat  it  was 
not  found  to  contain  appreciably  more  iron  than  the  others, 
although  that  might  have  been  anticipated. —  Trans.  Roy.  Soc. 
Canada,  1887. 

13.  The  Shepard  Collection  of  Minerals. — The  very  large  md 
valuable  collection  of  minerals  and  meteorites  belonging  to  the 
late  Prof.  Charles  U.  Shepard,  has  been  generously  given,  by  his 
son,  Dr.  Charles  TJ.  Shepard^  to  Amherst  College.  The  estimated 
value  of  the  collection  is  ten  thousand  dollars. 

14.  Natural  Gas. — Supplement  of  December  30,  of  the  Ameri- 
can Manufacturer  and  Iron  World  of  Pittsburg,  contains  valua- 
ble papers,  both  geological  and  economical,  on  Natural  Gas,  by 
the  best  American  writers  on  the  subject,  C.  A.  Ashburner  and 
John  F.  Carll,  of  the  Pennsylvania  Geological  Survey,  with  a 
map  of  western  Pennsylvania,  also  of  Kansas,  and  by  Dr.  A.  J. 
Phinney,  of  Indiana,  with  a  map  of  the  Indiana  gas  field,  and 
other  notes  on  the  subject. 

III.   Botany. 

1.  Respiratory  Organs  of  Plants. — Ludwig  Jost  of  Strass- 
burg  communicates  to  Botanische  Zeitung,  Sept.,  1887,  some 
interesting  facts  concerning  organs  of  peculiar  shape  found  on  the 
roots  of  certain  palms,  and  their  allies,  and  a  few  other  plants. 
These  organs  are  outgrowths  from  roots,  they  point  upward  into 
the  air,  and  are  generally  characterized  by  having  a  swollen  por- 
tion conspicuously  different  from  the  rest.  Experimental  study 
indicates  that  these  organs,  like  stomata  and  lenticels,  are  of  use 
in  the  aeration  of  the  plant.  Jost  suggests  as  a  name  for  this 
group  of  organs,  pneumatodes. 

Among  the  possible    cases    alluded  to  by  him  but  dismissed 
with  hardly  more  than  a  word,  is  that  of  the  enormous  swellings  on 
the  roots  of  our  Southern  Cypress,  Taxodiam  distichum.     Many 
years   ago,    Professor  Shaler  of  Harvard   stated   to  the  present 
writer  that  he  believed  these  excrescences  of  the  Cypress  of  the 
South  to  be  related  in  some  way  to  the  aeration  of  the  trees,  since 
he  had  observed  that  where  these  had  been  submerged  for  a  time 
by  an   overflow,   the  plants  suffered  and  after  a  while  died.     In  a 
recent  paper  in  the  publications  of  the  Museum  of  Comp.  Zool.  at 
Cambridge,  Professor  Shaler  has  given  his  views  in  detail,  mak- 
ing out   a  strong  case;   so  that  we  can  feel  little  hesitation  in  re- 
ferring these  extraordinary  swellings  on  Taxodium  to  Jost's  new 
class  of  Pneumatodes.  g.  i«  g. 

2.  On  a  Combination  of  the  Auxanometer  with  the  Clitwstat. 
— At  the  writers  suggestion,  Albkecut,  the  well-known  mech- 
anician at  Tubingen,  has  constructed  a  simple  form  of  Auxanom- 
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eter  which  can  be  well  employed  as  a  serviceable  Clinostat.  In 
addition  to  the  strong  axis  which  carries  the  equipment  of  the 
ordinary  Clinostat,  there  is  a  smaller  spindle  driven  by  the  same 
machinery  and  at  such  rates  of  speed  as  may  be  wished.  Upon 
the  latter  spindle,  the  common  form  of  registering  drum  is  car- 
ried with  absolute  steadiness.  Although,  on  general  principles, 
one  must  view  with  more  or  less  distrust  an  apparatus  aiming  to 
reach  two  ends  so  widely  diverse  as  the  two  just  mentioned,  the 
present  appliance  has  thus  far  worked  satisfactorily.  But  for 
ordinary  use  in  the  class  room,  it  is  inferior  as  an  auxanometer  to 
either  of  the  two  simple  and  excellent  ones  figured  and  described 
in  the  Botanical  Gazette  by  Professors  Bumpus  and  Barnes. 

G.  L.   G. 

3.  Die  natUrlichen  PflanzenfamUien,  von  A.  Engler  und 
K.  Pbantl.  Leipzig,  1887.  (Now  publishing  in  parts  of  which 
12  have  already  oeen  received). — The  first  number  of  this  im- 
portant work  and  the  promise  given  by  it  were  noticed  in  this 
Journal  last  summer.  The  numbers  which  have  since  come  to 
hand  redeem  this  promise  in  the  most  satisfactory  manner.  The 
text  exhibits  care  in  its  preparation  even  down  to  the  minute 
treatment  of  the  economic  plants,  and,  although  the  parts  are  of 
unequal  merit,  all  are  of  a  high  order,  placing  the  work  in  the 
front  rank.  The  illustrations  are  excellent  throughout,  and  are 
lavishly  used.  Serial  publications  demand  from  the  recipients  of 
the  successive  parts  a  fair  degree  of  patience,  since  in  most  cases, 
the  separate  articles  come  to  the  reader  in  a  fragmentary  form. 
Until  the  disjecta  membra  are  all  before  one,  it  is  difficult  to  tell 
whether  they  can  be  united  to  form  a  symmetrical  structure  : 
everything  depends  upon  the  skill  in  editing  and  the  sense  of 
proportion  possessed  by  the  editors.  To  them  belongs  the  un- 
gracious task  ot  contracting  lengthy  contributions  and,  more 
rarely,  of  suggesting  increase  in  volume.  From  all  that  appears 
in  the  present  publication,  up  to  the  present  time,  the  editors 
have  performed  their  work  with  great  judgment.  Thus  far  the 
chief  burden  has  fallen  on  Professor  Engler.  A  mere  enumera- 
tion of  the  leading  contributions  is  all  that  can  be  justly  given 
at  this  early  stage  in  the  progress  of  the  publication.  Professor 
Drude  has  finished  the  Palms  in  93  pages,  with  seven  pages  addi- 
tional given  to  the  Cyclanths ;  Haeckel  carries  the  Grasses  through 
96  pages,  with  more  to  come;  Engler  has  given  91  pages  to  Lili- 
aceae;  Gymnospermae  were  treated  of  in  127  pages  by  the 
lamented  Eichler,  whose  notes  have  received  some  additions  from 
both  the  editors.  Other  contributions  are  from  Pax,  Hieronymus 
and  Wittmack.  In  the  twelve  numbers  received,  consisting  of 
about  six  hundred  pages,  there  are  421  illustrations  containing 
about  two  thousand  single  figures. 

Such  a  work  is  of  the  highest  value  to  teachers  of  botany  and 
ought  even  in  its  German  form  to  command  a  large  list  of  sub- 
scribers in  this  country.  It  is  sincerely  to  be  hoped  that  an  Eng- 
lish translation  may  be  early  undertaken.  g.  l.  g. 
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4.  Botanical  Xecrology  of  the  year  1887,  by  Dr.  Gray:  his 
last  work  for  this  Journal. — The  first  two  names  in  the  American 
list  belong  rather  to  the  obituaries  of  the  preceding  year. 

W.  £.  Tolme  died  in' British  Columbia,  near  the  close  of  1886, 
at  an  advanced  age.  A  brief  notice  of  his  life  and  services  to 
botanv  will  be  found  in  this  Journal,  vol.  xxxiii,  p.  244.  To  him 
was  liedicated  by  Torrey  and  Gray,  the  Saxifrageous,  genus, 
Tvlmita*  a  native  of  the  country  in  which  his  life  was  passed. 

John  G  oldie,  who  was  bornnear  May  bole  in  Ayrshire,  March 
21.  1793.  died  at  Ayr,  Ontario,  Canada,"  where  he"  had  long  re- 
sided, in  June.  1SS6.  in  his  ninety- fourth  year.  From  materials 
communicated  by  the  family,  a  biography  was  published  in  the 
Botanical  Gazette  for  October,  1SS6;  but  his  name  was  acciden- 
tally omitted  from  our  necrology  of  that  year.  Mr.  Goldie  was 
educated  as  a  gardener:  and  most  Scotch  gardeners  in  those  days 
were  botanists.  From  the  Glasgow  Botanic  Garden,  then  id 
charge  of  Sir  Wm.  Hooker,  he  came  to  America  for  botanies! 
exploration  in  the  year  1817.  The  interesting  particulars  of  this 
expedition  are  entirely  omitted  from  the  biography  mentioned 
above,  and  were  probably  unknown  to  the  writer.  They  are 
here  eiven  in  an  abstract  from  his  "  Description  of  some  new  and 
rare  Plants  discovered  in  Canada  in  the  year  1819,"  published  in 
the  Edinburgh  Philosophical  Journal,  vol  vi,  April,  1822.  "Hir- 
ing had  for  many  years  a  great  desire  to  visit  North  America, 
chiefly  with  a  view  to  examine  and  collect  some  of  its  vegetable 
productions,  I  contrived  in  1S17  to  obtain  as  much  money  as 
would  just  pay  my  passage  there,  leaving  when  this  was  done 
but  a  very  small  suri'lus.7"  He  sailed  from  Leith  to  Halifax. 
went  to  Quebec,  whence  he  despatched  his  collections  of  living 
roots  and  dried  plants  in  a  vessel  bound  for  Greenock,  *bat 
never  heard  of  them  after  wards,'*  At  Montreal,  he  found  Pursh, 
who  advised  htm  to  explore  the  northwest  country  and  promised 
to  obtain  for  him  permission  to  accompany  the  traders  going  to 
that  reirion  the  following  spring.    fc4I  travelled  on  foot  to  Albany, 

thence  proceeded  by  water  to   >ew  York I  explored  the 

eastern  part  of  New  Jersey,  a  countrv  which  though  barren  and 
little  inhabited,  yet  presents  many   rarities  to  the  botanist,  and 
gave  me  more  gratification  thau  any  part  of  America  that  I  have 
seen.     At  a  place  called  Quaker's  Bridge,  I  gathered  some  mo?t 
interest  in:;  plants,  and  having  accumulated  as  large  a  load  as  my 
back  wouJd   earn-,  I  took,  mv  iournev  to   Philadelphia," — thence 
to  Xew  York,  whence  a  ship  was  about  to  sail  to  Scotland,  "and, 
having  aifaiu  committed   mv  treasures  to  the  deep,  I   had-  ag*in? 
as  the  first  time,  the  disappointment  of  never  obtaining  any  in- 
telligence whatever  of  them.     My  finances  being  now  extremely 
low  and  winter  having  commenced,  I   hardly  knew  what  to  do: 
but,  after  some  delay,  went  up  to  the  Mohawk  river,  where  I  foand 
employment  that  season  as  school-master,'- — thence  in  thespringto 
Montreal,  and  failing  to  make  the  connections  necessary  to  reach- 
ing the  northwest  district,  he  "took  to  the  spade"  all  summer 
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long,  except  two  days  in  the  week  which  he  devoted  to  botaniz- 
ing. "  In  the  autumn  I  shipped  my  collection  of  plants,  and  in 
two  months  had  the  mortification  to  learn  that  the  vessel  was  to- 
tally wrecked  in  the  St.  Lawrence.  During  the  next  winter  I 
did  little,  except  employing  myself  with  such  skill  as  I  was  able 
in  designing  some  flower-pieces,  for  which  I  got  a  trifle.  Early 
the  following  spring  I  commenced  labor  again,  and  by  the  be- 
ginning of  June,  had  amassed  about  50  dollars,  which,  with  as 
much  more  borrowed  from  a  friend,  formed  my  stock  of  money 
for  the  next  summer's  tour.  I  started  in  the  beginning  of  June 
rom  Montreal,  and  passing  through  Kingston  went  to  New  York 
meaning  the  State,  evidently],  to  which,  after  an  excursion  to 
«&ke  Simcoe,  I  returned ;  then  visited  the  Falls  of  Niagara  and 
*ort  Erie,  and  crossed  over  to  the  United  States,  keeping  along 
le  eastern  side  of  Lake  Erie,"  he  crossed  over  to  Pittsburgh, 
»ck  by  way  of  Olean,  Onondago,  and  Sackett's  Harbor  to  Mon- 
-eal,  and  thence  safely  home  to  Scotland,  "  the  plants  I  carried 
rith  myself  being  the  whole  that  I  saved  out  of  the  produce  of 
early  three  years  spent  in  botanical  researches."  Hard  lines 
nese  and  in  those  days  for  collecting  botanists, — which  those 
rlio  "  stay  at  home  at  ease  "  do  not  appreciate. 

-Among  the  fruits  garnered  in  Goldie's  paper  of  16  pages,  are 
^rimvla  pusilla,  Xylosteon  obldhgifolium,  Viola  Selkirkii 
tlie  name  given  by  Pursh),  Drosera  linearis,  Stellaria  longipesy 
Ranunculus  rhomboideus,  Corydalis  [Dicentrd]  Canadensis, 
Babenaria  macrophylla  [which  is  the  2z.  orbiculata,  Goldie  and 
rlooker  having  unfortunately  taken  the  smaller  round-leaved 
species  for  that],  and  Aspidium  Goldianum,  that  noble  fern, 
named  and  about  that  time  figured  by  W.  J.  Hooker.  The  lat- 
ter'8  name  has  mistakenly  been  affixed  to  one  or  two  of  these 
species.  But,  although  he  doubtless  examined  the  plants,  and 
probably  drew  up  the  Latin  characters  and  contributed  the  fig- 
ures on  the  plate,  there  is  no  mention  of  his  name  in  Goldie's  paper 
except  for  the  fern  which  well  commemorates  Goldie's  name. 

In  the  year  1824,  he  was  commissioned  to  take  charge  of  a 
^rgo  of  living  plants  sent  by  the  Edinburgh  Botanic  Garden 
to  that  of  St.  Peterburgh.  On  his  return  he  went  into  the 
nursery  business  in  his  native  country,  during  which  he  revisited 
Russia,  bringing  home,  it  is  said,  Picea  Plchta  and  the  double- 
lowered  PoRonia  temdfolia.  Then,  with  a  laudable  wish  to  bet- 
tor the  prospects  of  his  family,  in  1844  he  transported  his  ho/ne 
from  the  Scotch  to  the  Canadian  Ayr,  in  the  province  of  Ontario, 
*here  he  flourished  and  prospered  for  over  thirty  years  of  green 
Old  age,  and  died  in  the  midst  of  numerous  and  prosperous  chil- 
dren, grand-children,  and  great  grand-children. 

Albebt  Kellogg  died  at  Alameda,  California,  on  the  31st  of 
larch  last,  at  the  age  of  74  years.  We  have  few  particulars  of 
is  life.  It  is  said  that  he  was  born  at  New  Hartford,  Connecti- 
it,  and  he  had  doubtless  entered  the  medical  profession  before 
»  went  to  California.     He  was  one  of  the  founders  of  the  Cali- 
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forifia  Aeadem y  of  Xarara!  Science* :  and  re  say  expect  frm 
that  ififrita^>D  a  fall  biography.  At  **e!i  as  we  eaa  make  oit, 
Dr.  Kellogz  emigrated  to  CaHforaia  thirty-four  or  thirty-fir* 
years  aeo  f  and  be  redded  a:  San  Francisco  for  all  the  rest  of  Is 
life.  17poo  the  firs:  page  of  the  fin;  volume  of  the  Proceedings 
of  that  ir.nitatk-a,  under  the  date  of  September  4.  1S54,  we  md 
that  Dr.  Kellosrz  was  in  the  chair,  and  that  he  exhibited  speci- 
men* and  a  drawing  of  a  plant  found  ^n  the  shore  of  the  bay.  He 
drew  plant*  remarkablr  well  and  devote*!  renr  much  time  to  thk 
work,  even  to  the  last.  Unfortunatelv  the  rode  wood  cnU  vniea 
largely  illustrate  bis  many  papers  in  the  Proceeding*  of  the  Oh-  . 
fornia  Academy  give  a  poor  idea  of  his  pictorial  skill ;  while  his 
want  of  books  and  of  botanical  resources  greatly  derogated  froa 
the  value  and  authority  of  his  determination?  and  description*  of 
the  very  many  plant*  which  he  published  throughout  a  long  series 
of  years.  But  he  did  what  he  could,  in  his  own  way,  and  has  left 
an  indelible  mark  upon  the  botany  of  the  Pacific  coast.  He  vts 
a  man  of  the  utmost  simplicity  of  life  and  character,  a  most  amia- 
ble, gentle  and  worthy  soul  "  Dr.  Torrey  dedicated  to  him  the 
genus  Kellogg  ia^  appropriately  founded  on  a  modest  bat  quite 
peculiar  Californian  plant. 

William  Boott  died  in  Boston,  May  16th.  He  was  born  ii 
that  city  on  the  15th  of  June;  1*05,  consequently  he  had  almost 
reached  the  age  of  82.  He  was  a  younger  brother  of  Dr.  Fraocb 
Boott,  of  London,  but  born  in  Boston,  who  is  still  affectionately 
remembered  bv  a  few  of  the  oldest  surviving  naturalists.  William 
Boon  was  educated  at  Exeter  Academv  and  Harvard  University; 
but  his  health  suffered  and  he  was  obliged  to  leave  college  before 
graduation.  He  traveled  in  Spain  and  other  parts  of  the  Conti- 
nent, and  studied  medicine  in  Dublin  and  in  Paris ;  but  he  did 
not  complete  his  medical  education.  Returning  to  his  native 
country,  he  lived  a  quiet  and  retired  life,  never  marrying,  nor 
taking  any  of  the  positions  to  which  he  might  have  aspired.  Bat 
his  excellent  talents  were  sought  by  one  of  the  western  railway 
companies,  to  which  for  many  years  he  devoted  a  portion  of  his 
time.  His  tastes  and  his  accomplishments  in  early  and  middle 
life  were  literary,  especially  linguistic.  Probably  he  took  up 
botany  at  the  instigation  of  his  brother,  and  with  the  desire  of 
helping  him  to  the  Carices  of  this  country  when  Dr.  Boott  began 
the  study  of  this  vast  genus,  of  which  he  became  the  illustrator 
and  the.  highest  authority;  and  William  Boott,  by  a  kind  of 
noble*ne  oblige  after  his  brother's  death,  specially  devoted  himself 
to  their  study.  His  only  publication  is  a  short  Caricological 
paper.  But  he  studied  other  groups  with  great  care  and  critical 
acumen,  especially  I&oetes,  Grasses,  and  some  tribes  of  Cyperac&b 
His  health  was  delicate,  but  his  tall  and  gaunt  form  seemed  quite 
unaffected  by  inclement  weather,  which  he  braved  to  the  last,  with 
scant  protection.  A  keen  botanist,  a  most  amiable  man  and  trust- 
worthy friend,  he  is  greatly  missed  at  the  Cambridge  Herbarium, 
to  which  he  presented  his  botanical  library  and  collections. 
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zba  Michener,  a  physician,  of  Chester  County,  Pennsylvania, 
i  November  24, 1794,  died  June  25, 1887,  in  his  93d  year.  He 
r  have  derived  from  Schweinitz  his  predilection  for  Fungi, 
ch  he  cultivated  at  a  time  when  few  botanists  of  this  countrv 
w  or  cared  for  them.  A  'genus  of  Fungi  bears  the  name  of 
i  pioneer  collector. 

Ibnby  William  Raven  el,  who  was  born  in  Berkeley  District, 
ith  Carolina,  May  19,  1814,  died  at  Aiken,  in  that  State — 
ere  he  had  long  resided — on  the  17th  of  July  last.  When  we 
tknew  this  kindly  and  excellent  man,  he  was  a  planter,  upon 
inherited  estate  in  St.  John's  parish,  a  keen  phanerogamous 
anist,  and  a  prized  correspondent.  About  30  years  ago  he 
loved  to  Aiken,  in  a  higher  and  drier  part  of  the  State,  now 
sbrated  as  a  winter  health  resort.  About  this  time  the  Rev. 
Curtis  was  well  engaged  in  his  notable  Mycological  career, 
I  Mr.  Ravenel  was  his  most  zealous  follower.  So  that  it  is 
Dng  the  Mycologists  that  his  name  is  most  widely  known  at 
ne  and  abroad.  He  published  five  volumes  of  Fungi  Carolini- 
'  Exstccati,  the  sets  of  which  are  now  rare  and  very  valuable, 
I  in  later  years  he  largely  contributed  the  principal  materials 
Lhe  similar  Fungi  Americani  Fxsiccati,  edited  oy  Cooke,  of 
adon,  in  five  centuries.  He  was  for  many  years  the  botanist  of 
State  Board  of  Agriculture,  and  also  an  agricultural  editor. 
1859  he  was  joined  to  an  U.  S.  Commission  to  examine  into  the 
ise  of  the  cattle  disease  then  prevalent  in  Texas.  Deafness  of 
ny  years'  standing  secluded  him  much  from  the  world  at  large, 
I  even  from  the  social  circles  which  he  was  most  fitted  to  adorn, 
he  war  swept  away  nearly  all  of  his  property  " — we  recall  to 
id  a  touching  letter  of  adieu,  when  the  secession  of  his  State 
k  place,  and  his  hopeful  prospects  in  that  connection — "but  he 
t  bis  adversities  with  Christian  fortitude  and  courage,  doing 
duty  faithfully  to  the  end."  A  good  number  of  6pecies  bear 
name,  as  well  as  the  very  peculiar  genus  of  Uredinei,  Rave- 
ia.  In  the  Botanical  Gazette  for  August  last  is  an  appreciative 
.ice  of  his  life  by  Dr.  Farlow,  to  which  is  appended  a  list  of 
hteen  papers  which  he  published  relating  to  various  depart- 
nts  of  botany. 

III.  Miscellaneous  Scientific  Intelligence. 

.  Hariris  Meteorological  Atlas. — Twelve  sheets  of  the  new 
tion  of  Berghaus's  Physical  Atlas  are  devoted  to  meteorology 
lerthe  editorship  of  Dr.  Hann,  of  Vienna.  These  may  be  pur- 
sed separately,  and  if  kept  unbound  they  will  be  found  ex- 
nely  useful  as  study-  and  lecture-charts  for  classes  of  moderate 
,  as  well  as  invaluable  for  reference  in  all  matters  of  geographic 
eorology.  The  series  of  maps  is  remarkably  full,  including 
berms  and  isobars,  with  winds,  where  well  enough  known,  for 
year,  January  and  July ;  thermic  isanomals  for  the  same  pe- 
;  Supan's  chart  of  equal  annual  variations   of  temperature; 
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Buch an's  chart  of  equal  diurnal  variations  of  pressure ;  special 
annual  and  seasonal  temperature  charts  for  Europe,  the  United 
States  and  the  Arctic  regions ;  a  rain    map   of  the  world,  with 
Loomis's  data  on  a  new  projection ;  and  a  chart  by  Kdppen  of  the 
distribution  of  rain  throughout  the  year.     Besides  all  these,  there 
are  several  novel  maps  of  a  more  physical  nature ;  isotherms  for 
Europe  in  warm  (1880)  and  cold  (1879)  Decembers,  with  corre- 
sponding  isobars    in    explanation   of   these    weather-anomalies; 
Koppen's  tracks  of  low-pressure  areas  over  the  North  Atlantic 
and  adjacent  lands;  examples  of  ordinary  cyclonic  storms  in  Eu- 
rope and  their  accompanying  foehn,  sirocco  and  bora  winds,  and 
so  on.     These  latter  are  especially  welcome  as  aids  in  calling  at- 
tention to  actual  atmospheric  phenomena  as  shown  on  synoptic 
charts,  in  contrast  with  those  more  statistical  matters  in  which 
individual  occurrences  are  lost  sight  of  or  concealed  by  averaging. 
Tracks  of  thunder-storms,  so  well  studied  out  tn  Europe,  and  the 
distribution  of  tornadoes  in  cyclones,  as  discovered  in  this  coun- 
try, would  be  valuable  additions  to  the  series,  but  they  were 
doubtless  considered  and  excluded  in  order  not  to  increase  the 
size  and  cost  of  the  atlas  unduly.     The  same  may  be  said  of  the 
cold  waves  in  the  Mississippi  valley  and  the  fcehn-like  chinook 
winds   on   the  northeastern   plains,   so   fully  illustrated  in  our 
weather  maps ;  but  even  without  these,  the  atlas  is  a  decided  ad- 
vance on  others  of  its  kind,  and   is   clearly    the   best  series  of 
meteorological  charts  ever  published.     The  data  employed  come 
down  to  1884,  and,  except  concerning  the  winds  and    precipita- 
tion, seem  to  be  sufficient  on  charts  of  the  size  here  used  to  hold 
good  for  years  to  come  over  a  large  part  of  the  world.    The  print- 
ing and  coloring  are  beautifully  executed,  and  worthily  represent 
the  high  class  of  work  done  by  the  publisher,  Perthes,  of  Gotha. 

W.    M.   D. 

2.  New  Meteorites.  (Communicated) — The  U.  S.  National  Mo- 
scum  has  recently  received  fragments  of  two  new  Japanese  mete- 
orites from  the  Educational  Museum  at  Tokio.  Both  are  grayish 
stones,  showing  a  dull  black  crust.  The  first  of  the  two  fell  at 
Fukutomi,  Kinejima,  Province  of  Hizen,  March  19, 1882,  at  1  p.m. 
Its  total  weight  was  7680  grams.  The  second  fell  at  Maeme, 
Hislugari,  Province  of  Satsuma,  Nov.  10,  1886,  at  3  p.  m.  Its 
original  weight  was  328  grams. 

These  specimens  and  the  information  regarding  them  were 
received  from  Prof.  S.  Tegima,  Director  of  the  Tokio  Museum. 

F.    W.    CLARKE. 

West  Const.  Shells:  a  familiar  description  of  the  Marine  fresh-water  aDd  land 
Mollusks  of  the  United  States  found  west  of  the  Rocky  Mountains.  Adapted  to 
the  use  of  schools,  private  students,  tourists  and  all  lovers  of  nature;  by  Josiah 
Keep,  A.M.,  Prof.  Nat.  SeL  Mills  College.  2.'*0  pp.  16mo,  with  numerous  illus- 
trations. San  Francisco,  1887  (Bancroft  Brothers  &  Co.) — A  convenient  little 
work  for  the  younn  student  and  collector  of  shells  on  the  Pacific  border. 

Annual  Report  of  the  Geological  Survey  of  Arkansas  for  1887,  by  John  C. 
Branner,  Ph.D.,  State  Geologist,  Little  Rock.  Arkansas,  1887.  15  pp.  8vo.  A  brief 
report  of  progress. 
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Abt.  XXII. — The  Absolute  Wwve-len<jth  of  Light ;  by  Louis 

Bell.  v 

This  paper  contains  the  final  results  of  the  research 
partially  reported  in  tliis  journal  for  March  1886.  In  view  of 
the  wide  discrepancies  in  the  value  of  this  physical  constant 
as  determined  by  various  observers  and  methods,  it  has  seemed 
desirable  to  give  in  brief  the  history  of  the  subject,  and 
critically  to  discuss  certain  portions  of  the  investigation  which 
have  proved  stumbling-blocks  in  the  past.  I  refer  particularly 
to  the  verification  of  the  standards  of  length  employed,  and  to 
those  errors  of  ruling  in  the  gratings  winch  may,  and  usually 
do,  produce  errors  in  the  result  obtained. 

The  first  portion  of  this  paper  will  be  devoted  to  the 
methods  and  results  of  the  pioneers  in  this  work  and  the 
Methods,  apparatus,  and  standards  of  length  employed  in  the 
present  investigation. 

The  second  portion  will  contain  the  details  of  the  experi- 
mental work,  together  with  a  discussion  of  the  final  results  and 
-hose  questions  of  theoretical  and  practical  interest  which  raise 
'hemselves  in  connection  with  the  work  of  recent  experi- 
menters. With  this  preliminary  notice  is  presented  the  first 
talf  of  the  paper. 

historical. — Fraunhofer's    first   paper  on  the   lines   which 
jar  his  name  marks  a  new  era  in  the  science  of  optics.     Up 

AM.  Joub.  Sol— Third  Series.— Vol.  XXXV,  No.  208.— April,  1888. 
16 


266  Z.  BM — Absolute  Wave-length  of  Light. 

to  that  point  any  careful  study  of  spectra  had  been  imj 
for  lack  of  definite  standards  of  reference,  and  becai 
apparatus  was  as  yet  very  defective.  Fraunhofer's  re 
"Bestimmung  des  Brechungs-  und  Farbenzeretn 
Vermogens  verschiedener  Glasarten,"  was  presented 
Munich  Academy  of  Sciences  in  1814,  and  was  public 
the  fifth  volume  of  the  u  Denkschrif ten."  It  then  1 
possible  to  study  in  detail  the  properties  of  rays  of  < 
position  and  the  work  was  taken  up  almost  imme< 
Almost  the  first  step  was  to  determine  the  wave-leni 

frominent  points  in  the  solar  spectrum,  and,  as  is  well  J 
raunhofer  himself  took  it,  determining  the  wave-] 
corresponding  to  his  lines  B,  C,  D,  E,  I,  6,  H.  As 
seems  to  have  been — noticeably  in  Verdet's  papers 
confusion  concerning  his  papers  on  this  subject,  it  may  1 
here  to  clear  the  matter  up. 

Fraunhofer's  first  paper  dealing  with  the  subjec 
presented  to  the  Munich  Academy  in  1821.  It  is  en 
"Neue  Modifikation  des  Lichtes  durch  gegenseitige  1 
kung  und  Beugung  der  Strahlen,  und  Gesetze  derselbei 
was  printed  in  the  eighth  volume  of  the  "  Denkschr 
It  is  of  considerable  length  and  deals  with  variouB  diff 
phenomena,  but  its  chief  interest  lies  in  the  wave 
measurements  made  with  wire  gratings.  The  exper 
made  with  ten  of  these  are  given  in  detail  and  are  rema 
careful  and  consistent.  The  gratings  were  quite  vario 
wires  being  from  0*04rarn  to  06mm  in  thickness  and  the  £ 
space  as  ordinarily  measured,  from  0*0528  to  0*6866mm. 
these  proportions  it  is  evident  enough  that  the  spectra 
have  been  very  imperfect,  but  in  spite  of  this,  Frau 
obtained  results  which  agreed  remarkablv  well  witt 
other.  The  wave  lengths  of  D  as  obtained  from  the 
mentioned  ten  gratings  were  as  follows :  reduced  to  millin 

mm  mm 

(1)  0*000589 L  (6)  0*0005888 

(2)  0*0005894  (7)  0*0005885 

(3)  0*0005891  (8)  0*0005885 

(4)  0*0005897  (9)  0*0005882 

(5)  0*0005885  (10)  0*0005882 

The  mean  value  adopted  was  0*0005888mm,  which  consi< 
the  gratings  and  the  fact  that  most  of  the  angles  of  dev 
were  less  than  1°,  is  certain! v  remarkablv  accurate.     It  * 
be  noted  too,  that  the  finer  gratings  (1)  to  (4)  gave  even 
results. 

A  brief  discussion  of  this  paper  appeared  in  the  se 
third  volume  of  Gilbert's  Annalen  and  a  French  repi 
Schumacher's  Astronomische  Abhandlungen  (ii,  46). 
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Fraunhofer's  second  and  more  complete  paper  appeared  in 
*23  in  Gilbert's  Annalen  (lxxiv,  337).  Its  title  is  :  "  Kurzer 
ericht  von  den  Resultaten  neuerer  Versncbe  iiber  die  Gesetze 
38  Lichtes,  nnd  die  Theorie  derselben."  This  paper  gives  a 
^tailed  account  of  his  experiments  with  two  glass  gratings, 
f  these,  the  grating  spaces  were  respectively  0*0033  and 
0160mm.  The  former  was  apparently  much  the  better,  and 
pon  it  Fraunhofer  based  his  final  result,  which  for  D  was 
0005886mm  while  the  experiments  with  the  coarser  grating 
ive  0'0005890mm.  These  values  apply  quite  certainly  to  the 
lean  of  the  two  D  lines,  and  not,  as  has  been  sometimes 
ippo6ed,  to  one  of  them  alone. 

The  experimental  work  with  these  glass  gratings  was  much 
etter  than  with  the  previous  wire  ones,  since  the  angular  de- 
ections  were  very  much  larger  and  the  gratings  themselves 
fere  susceptible  of  far  more  exact  measurement.  But  at  best 
ley  were  but  indifferent  instruments  and  the  terminal  lines 
ere  so  bad  that  they  had  to  be  retraced  before  the  grating 
Mice  could  be  determined.  So,  between  poor  gratings  and  in- 
Ifferent  standards  of  length,  Fraunhofer's  determination  of 
beolute  wave  length  left  very  much  to  be  desired.  However, 
othing  much  better  could  be  accomplished  until  the  art  of 
taking  gratings  was  very  much  improved,  and  it  was  not  until 
Robert's  gratings  became  tolerably  well  known,  that  any  seri- 
ns attempt  was  made  to  improve  on  Fraunhofer's  results, 
rom  time  to  time  various  investigators  worked  on  the  prob- 
*m,  both  with  Nobert's  earlier  gratings  and  by  utilizing  vari- 
08  interference  phenomena.  When,  however,  the  great  in- 
estigations  of  Bunsen  and  Kirchhoff  revolutionized  spectro- 
Jopic  work  and  emphasized  its  great  importance,  the  attention 
f  scientific  men  was  called  to  the  need  for  accurate  measure- 
tents,  and  for  half  a  dozen  years  investigators  were  active,  and 
fescart,  Ditscheiner  and  Angstrom  appeared  on  the  field 
Imost  simultaneously.  Each  published  a  paper  in  1864,  and 
f  these  that  of  Mascart  is  probably  the  most  accurate  and 
tonstaking,  though  now  it  is  quite  certain  that  the  values  he 
stained  were  considerably  too  small.  He  employed  four  or 
?e  of  Nobert's  gratings  and  instead  of  placing  the  grating 
Brpendicular  to  either  the  collimator  or  the  observing  tele- 
»pe,  used  it  in  the  position  of  minimum  deviation,  that  is  to 
y,  so  that  the  plane  of  the  grating  should  bisect  the  angle 
•nned  by  the  incident  and  diffracted  rays.  This  position  has 
rtain  advantages,  but  as  the  experimentation  is  rather  more 
fficult  than  in  the  ordinary  position,  the  method  appears  to  be 
somewhat  questionable  utility.  It  avoids,  to  be  sure,  the 
jessity  of  placing  the  grating  normal  to  the  axis  of  either 
sscope,  but  as  there  is  very  little  trouble  in  making  this  ad- 
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justment  with  a  high  degree  of  accuracy,  and  keeping  it 
through  a  series  of  measurements,  the  gain  is  by  no  mean* 
considerable.  Aside  from  this  auestion,  Mascart's  spectrom- 
eter read  only  to  live  seconds,  and  while  his  results  with  (lifer- 
ent gratings  agree  very  well  individually  they  are  certainly  col- 
lectively in  error  by  quite  a  large  amount,  very  possibly  owing 
to  bad  standards  of  length. 

It  is  a  fact  to  be  noted  in  discussing  all  these  earlier  wave- 
length determinations,  that  sufficient  attention  was  not  paid  to 
the  measurement  and  study  of  the  gratings — by  all  odds  the 
most  difficult  part  of  the  problem.  The  angular  measures  of 
any  one  of  the  above  investigators  were  good  enough  to  have 
given  very  exact  results  had  they  l>een  combined  with  proper 
investigations  of  the  grating  spaces.  As  most  of  Nobert's 
gratings  were  small  and  by  no  means  accurately  ruled  there 
was  peculiar  need  of  care  in  measuring  them,  and  when  one 
considers  that  the  defining  lines  on  most  standards  of  length 
are  far  from  being  good,  it  is  clear  that  the  chances  for  error 
were  numerous.  In  Angstrom's  first  paper  he  even  relied  on 
the  grating  space  assigned  by  the  malcer.  Ditecheiner  em- 
ployed a  grating  which  nad  belonged  to  Fraunhofer  himself, 
but  the  number  of  spaces  was  uncertain  and  this  led  to  a  large 
error  which  he  corrected,  in  part,  in  a  supplementary  paper 
some  years  later.  Ditscheiners  principal  paper  was  published 
in  18oT>,  and  was  followed  in  ISfiS  by  an  elaborate  discussion 
of  the  whole  problem  by  van  der  \\Tilligcn,  whose  paper  is 
valuable  mainly  for  a  particularly  elaborate  review  of  sources 
of  error.  Like  his  predecessors  he  used  Nobert's  gratings,  but 
as  the  construction  of  his  spectrometer  confined  his  angular 
measurements  to  the  deviation  on  one  side  of  the  normal,  their 
accuracy  may  be  open  to  some  question,  while  his  standard  of 
length  was  anvthing  but  reliable,  as  it  was  a  glass  scale  onlv 
three  centimeters  long  and  the  only  assurance  of  its  accuracy 
was  the  certificate  of  the  maker  that  it  was  u  tres  exacte  v  at  50° 
Centigrade.  For  one  or  both  of  the  above  reasons  van  der 
Willigen's  results  were  larger  than  any  which  have  l>een  ob- 
tained.  before  or  since  his  time. 

In  the  same  year  appeared  Angstrom's  great  research  which 
has  so  long  served  as  the  standard  in  all  questions  of  wave 
length.  It  is  hard  to  say  too  much  of  the  conscientious  and 
painstaking  experiments  on  which  his  results  were  based,  and 
any  want  of  accuracy  in  the  final  result  was  due  to  no  lack  of 
skill  or  care  on  his  part  but  rather  to  the  imperfect  instruments 
with  which  he  was  obliged  to  work.  Like  every  one  tafore 
him  he  used  Xobert's  gratings  and  in  spite  of  the  fact  that  like 
all  Robert's  gratings  they  gave  very  imperfect  definition  and 
showed  numerous  fc%  ghosts,1"  his  results  were  more  than  usually 


L.  Bell — Absolute  Wavelength  of  Light  269 

onsietent.  But  in  spite  of  all  Angstrom's  care  the  event  has 
hown  that  his  wave  lengths  are  in  error  by  as  much  as  one 
>art  in  seven  or  eight  thousand  mainly  through  an  error  in  the 
turned  values  of  his  standards  of  length.  Angstrom  measured 
lis  gratings  by  means  of  a  dividing  engine  the  screw  of  which 
?as  very  exactly  determined  by  comparisons  resting  on  the 
Jpsala  meter  wnich,  in  turn,  had  been  compared  by  M.  Tresca 
nth  the  prototype  of  the  Conservatoire  des  Arts  et  Metiers. 
3ad  this  comparison  given  the  correct  value  of  the  Upsala 
neter  Angstrom's  wave-lengths  would  have  been  very  nearly 
ixact  except  for  corrections  due  to  errors  of  ruling  in  the  grat- 

After  Angstrom's  research  the  question  of  absolute  wave- 
ength  was  not  seriously  raised  for  ten  years,  when  Mr.  C.  S. 
Peirce  under  the  auspices  of  the  United  States  Coast  Survey 
igain  attacked  the  problem,  armed  with  Rutherfurd  gratings 
far  superior  to  those  used  in  any  previous  research.  No  official 
•eport  of  his  very  elaborate  and  exhaustive  experiments  has 
jver  been  published  save  a  very  brief  preliminary  report  in  the 
American  Journal  of  Science  in  1879.  Such  of  his  results  as 
lave  been  made  in  any  way  public  will  be  discussed  in  the 
experimental  part  of  the  present  paper. 

Meanwhile  Thalen,  who  so  efficiently  aided  Angstrom  in  his 
ffork,  has  taken  up  the  part  of  it  left  uncompleted  by  the  lat- 
her's death  and  in  his  paper  "  Sur  le  Spectre  du  Fer,"  published 
it  Upsala  in  1885,  has  discussed  the  corrections  which  must  be 
pplied  to  Angstrom's  values  by  reason  of  the  error  in  the 
Jpsala  meter.  It  seems  that  through  the  experiments  of  Pro- 
&8or  Lindhagen,  Angstrom  became  aware  as  early  as  1872 
J&t  the  assumed  value  of  his  standard  was  considerably  too 
nail.  His  death  prevented  his  verification  of  M.  Lindhagen's 
suits  and  nothing  further  was  done  till  Thalen  took  up  the 
ftr k.  Tresca's  comparisons  had  shown  that  the  true  length  of 
e  Upsala  metre  at  0°  was  999*81mm.  But  the  very  exact  ex- 
'rtments  of  M.  Lindhagen  have  shown  the  above  to  be  some- 
tat  too  small  and  that  the  correct  value  is  999*94.  This  dif- 
rence  makes,  of  course,  a  marked  error  in  the  wave-lengths 
*sed  on  Tresca's  results.  Applying  the  appropriate  correc- 
on,  the  wave  length  of  E,  the  line  most  carefully  determined 
v  Angstrom,  becomes 

5260*80, 
wtead  of  the  original         5269-12. 

This  final  result  of  Angstrom  is  certainly  entitled  to  con- 
derable  respect  and  seems  to  be  subject  only  to  those  correc- 
)nfl  which  may  be  due  to  irregularities  in  the  gratings.  These 
3re,  however,  so  poor  compared  with  the  gratings  of  to-day, 
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that  such  corrections  would  necessarily  be  of  uncertain  magni- 
tude. 

At  all  events  it  is  quite  sure  that  of  the  wave-length  deter- 
minations made  up  to  1880,  those  of  Peirce,  and  Angstrom 
corrected  by  Thalen  are  by  all  odds  the  best.  Of  the  two, 
Peirce's  is  probably  the  better  by  reason  of  better  gratings,  but 
his  work  will  be  discussed  in  another  part  of  this  paper  in  con- 
nection with  the  very  recent  works  01  Miiller  and  Kempf  and 
Kurlbaum,  wliich  merit  more  extended  study  than  would  be  in 
place  at  this  point. 

A  tolerably  complete  bibliography  of  the  subject  up  to  date 
is  annexed.  Many  of  the  papers  are  of  little  except  historical 
value,  but  they  will  at  least  exhibit  the  various  methods  em- 
ployed and  the  growth  of  exact  experimentation. 
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wirkung  und  Beuyung  der  Strahlen  uml  Geseuse  derselben." 

Schumacher's  astronomische  Abhandlungen.  li,  46. 

Gilbert's  Annalen,  lxxiv.  337.  "Kurzer  Bericht  von  den 
ReHiiltaten  ueuerer  Versuche  uber  die  Gesetze  des  Lichtes 
und  die  Theorie  derselben." 

41  Die  Beugungserscheinungeu  "  (Mannheim). 

Athenaeum  No.  1143.  In9t.  xvii,  368.  *4On  the  Determint- 
tion  of  the  Wave  Length  corresponding  with  any  Point  of 
the  Spectrum." 

Proc.  Roy  Soc.  vi,  43:  Phil  Mag..  IV.  i.  570.  *•  Descrip- 
tion and  Purpose  of  the  <Jlass  Plate  which  bears  the  In- 
scription :  Longitud<»  et  eeloriias  uudularum  lucis  cumin 
acre  tutu  in  vitro." 

Pogg  Ann.,  lxxxv.  83.  •'  IVber  eine  Glasplatte  mil  Thei- 
luugeii  zur  Bestiramung  der  Wellenlange  und  relativeD 
(leschwindigkeit  des  Lichts  in  dor  Luft  und  iin  Gla&e.'' 

Po^g.  Ann.,  lxxxviii.  510.  ••  Ueber  die  Wellenlange  und 
Oscillatiouszahlen  der  farbigen  Strahlen  im  Spectrum." 

Berlin  Monatsber.  757.  *•  Teber  die  Messuug  der  Wellenlange 
des  ultra violetten  Lichts." 

Pogg.  Aim.,  xcviii,  513.  Ann.de  Ohim.  c.  d.  Phys..  Ilh  1,  121, 
*•  Kine  Wellenmessung  im  Spectrum  jenseits  des  Violetts." 

Pogg.  Ann.,  xcviii,  353,  xcix.  159.  Ann.  deChim  e.  d.  Phys., 
Ill,  xhx.  504  •'  Die  breclibarsten  oder  nnsiehtbaren  Licht- 
strahlen  in  Beugungspcctrum  und  ihre  Wellenlange." 

Pogg.  Ann  .  exviii.  041.  "  Bestimroung  der  Wellenlange 
einiger  heller  Spectrallinicn." 

C.  U..  Jvi,  138.  ••  Determination  de  longueur  d'onde  de  la 
raie  A.'" 

C.  U.,  1  viii.  1111.  Determination  des  longueurs  d'onde  des 
rayons  lumineux  et  des  rayons  ultraviolets. 

Ann.  do  I'Kcole  normale,  i.  J 19.  Recherches  sur  la  determina- 
tion des  longueurs  d'onde 

Monde*,  v.  181.  '•  Theorie  des  ba tides  d'intorference  *  *  * 
Longueur  d'onde  do  la  raie  A."  *  *  * 

Ber.  d.  Wien.  Acad.,  1,   Heft  2.  31.     Pogg.  Ann.,  exxii,  631. 
Teber  die   Dispersion  des   Lichtes  durch   PrehunK  der 
Polarizationsebein-  im  Quarz." 

C.  R.,  lviii,  1153;  lix.  352.  "  Memoire  sur  la  determination 
des  longueurs  d'onde  des  raies  du  spectre  solaireau  moyea 
des  bandes  d'interference.'' 
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34      Diteeheiner.    Ber.  d.  Wien.  Acad  ,  1,  Heft  2,  296.     "  Bestimmung  der  Wel- 

len  lange  der  Kraunhofer'schen    Linien  des  Sonnenspec- 
trums." 

64     Angstrom.       Pogg.  Ann.,  cxxiii,  4d9.     CEfvers.  af   Forhaodl.   (1863)   41. 

"  Neue  Bestimmunjr  der  Lange  der  Lichtwellen  nebst  erne 

Metbodeauf  Optischen  W**ge  die  fortschreitende  Bewegung 

des  Sonnensystems  zu  bestimmen." 
J66     Ditscheiner.    Ber.  d.  Wien.  Acad.,  Hi,  Heft  2.  289.     "  Kino  absolute  Bestim- 

mung  der  Wellenlange  der  FraunhoftT'sehen  D  Linien." 
J66     Mascart.  Ann.  de  1'Kcole  normale.  iv,  7.      'Recherche?  sur  la  determi- 

nation des  longueurs  d'onde." 
868     Mascart.  Ann.  de  Chim.  e.  d.  Phys.,  IV,  xiii,   186.     "  Note  sur  diffifr- 

ents  travaux  relatifs  aux  longueurs  d'onde.'1 
868    van  der  Willigen.     Arch,  du  Musee  Teyler.  i,  1,  57,  280.      '•  Memoire  sur 

la  Determination  des  longueurs  d'onde  du  Spectre  Solaire." 
868     Angstrom.       Upsala,  1868.     "  Recherches  sur  le  Spectre  Solaire." 
871     Ditscheiner.    Ber.  d.  Wien.  Acad.,  lxiii,  heft  2.  265.     ''  Zur  Bestimmung 

der  Wellenlange  der  Fraunhofcr'schen  Linien." 
879     Peiroe.  Am.  Jour.  Sci.,  Ill,  xvih,  51.     *•  Note  on  the  progress  of  Kx- 

periments  for  comparing  a  Wave  length  with  a  Metre." 
884    Thalen.  Upsala,  1885.     "Sur  le  Spectre  du  Fer  obtenu  a  l'aide  de 

Tare  electrique,"  p.  18. 
886     Muller  and  Kempt     Publieationen  d^s  Astrophysikalischen  Observatoriums 

zu  Potsdam,  v.     "Bestimmung  der  Wellenlange  von  300 

Linien  im  Sonneu spectrum." 

886  de  Lepinay.     Jour,  de  Ph.,  II,  v,  4 1 1.     *'  Determination  de  la  valeur  absolue 

de  la  longueur  d'onde  de  la  raie  DV 

887  Bell.  Am.  Jour.  Sci.,  Ill,  xxxiii,   167.      *•  On  the  absolute  Wave 

length  of  Light. " 
B87     Kurlbaum.      Berliu,  1 887.     "  Bestimmung  der  Wellenlange  einigor  Fraun- 

hofer'schen  Linien." 

In  general  the  determination  of  absolute  wave-length  involves 
wo  quite  distinct  problems — first  the  precise  determination  of 
3me  quantity  which  is  an  exact  function  of  the  wave-length 
nd  some  other  linear  dimension ;  and  second,  the  reduction 
f  this  dimension  to  terms  of  some  recognized  standard  of  length. 
["he  first  process  can  be  made  to  give  relative  wave-lengths  with 

very  high  degree  of  accuracy,  and  is,  in  nearly  every  case, 
lore  exact  than  the  second,  which  constitutes  the  main  diffi- 
ultv  of  the  investigation.  It  is  because  the  diffraction  grating 
anew  itself  readily  to  linear  measurement,  that  its  use  is  pref  er- 
ble.  to  the  other  interference  methods  which  involve,  usually, 
he  exact  determination  of  a  single  very  small  linear  quantity. 
?he  ingenious  attempt  of  M.  de  Lepinay*  to  avoid  this  difficulty 
\  interesting  theoretically  but  practically  it  involves  a  quantity 
ven  more  uncertain  than  the  average  standard  of  length — the 
elation  between  the  kilogram  and  the  meter — to  say  nothing 
f  the  experimental  difficulties  of  the  method.  The  angular 
leasurements  of  nearly  all  the  later  investigators  have  Deen 
trite  good  enough  to  iurnish  very  exact  values  of  wave-length, 
nt  in  everv  case  it  has  been  the  measurement  of  the  grating 
pace  that  nag  produced  the  manifold  errors  and  discrepancies 

*  Journ.  Phys..  II,  v,  411. 
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in  the  results.  It  has  been  the  aim  of  the  present  research  to 
investigate  this  fruitful  source  of  errors  and  as  far  as  possible 
to  avoid  the  difficulties  springing  from  it. 

In  a  previous  paper,*  I  briefly  discussed  the  advantages  of 
transmission  ana  reflection  gratings.  It  only  remains  to  add 
that  further  experience  has  convinced  me  that  not  only  are  the 
speculum  metal  gratings  far  superior  in  brilliancy  and  sharp- 
ness of  definition,  but  that  it  is  possible,  contrary  to  what  one 
might  suppose  from  their  large  coefficient  of  expansion,  to  rule 
them  witn  almost  perfect  uniformity,  over  a  length  as  great  as 
a  decimeter.  This  large  size  too,  gives  a  great  advantage  in 
determining  the  grating  space,  aside  irom  the  fact  that  speculum 
metal  has  a  coefficient  of  expansion  not  widely  different  from 
that  of  any  one  of  the  materials  usually  employed  for  standards 
of  length,  jmd  that  its  temperature  can  be  obtained  with  com- 
parative ease. 

Methods  and  Instruments. 

The  plane  grating  can  be  used  for  wave-length  measurement 
in  a  variety  of  ways  according  to  the  preference  of  the  in- 
vestigator or  the  arrangement  of  the  spectrometer.  Five  tol- 
erably distinct  methods  may  be  enumerated.  The  general  re- 
lation between  the  wave-length  and  the  angles  of  incidence  and 
diffraction  is 

\  =  s(sin  i  -f  sin  (q>  —  *))— 

n 

Whore  X  is  the  wave-length,  #  the  grating  space,  i  and  ^  the  an- 
gles of  incidence  and  diffraction  respectively,  and  n  the  order  of 
the  spectrum  observed.  Making  /=0°  this  at  once  becomes 
the  ordinary  formula 

A    =    —  s  sin  <p 
n 

which  applies  to  the  two  methods  of  normal  incidence,  one  in 
which  the  grating  is  kept  accurately  perpendicular  to  the  col- 
limator ;  the  other  in  which  it  is  kept  perpendicular  to  the  ob- 
serving telescope. 

Next  is  the  method  used  by  Angstrom  in  which  «  is  not 
reduced  exactly  to  0°,  but  measured  and  retained  in  the  for- 
mula, the  grating  in  this  case  being  kept  nearly  perpendicular 
to  the  collimator.  In  this  method  a  reading  on  the  slit  is  nec- 
essary, and  if  a  and  a  are  the  readings  on  the  circle,  and  M 
that  on  the  slit,  the  working  formula*  are: 

—   M   =   d  and =   <p 

a  2 

*  Am.  Jour.  Scu,  III.  xxxiii  167. 
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lien,  if  i  is  as  before,  the  angle  of  incidence, 

A  =  —  8  sin  <p  cos  (i  +   6) 
n 

sin  i  =  sin(t   +   #)  cos  <p 

cos  (p        «, 

tan  »  =    — —   o 

1   —  cos   q) 

In  the  fourth  method  also,  /  is  retained,  but  given  a  definite 
alue.     Putting  the  general  formula  in  the  form, 

A  =  —  2  s  sin   -?-   cos  (a  —  — 
n  2  \  2, 

he  deviation  represented  by  the  angular  term  will  evidently 
»e  a  minimum- when  i  =  ^-.      If  then  one  observes  in  the  posi- 

ion  of  minimum  deviation, 

A  =  _   2  «  sin  — 
n  2 

In  the  fifth  method  collimator  and  observing  telescope  are  kept 
it  a  fixed  angle  with  each  other  and  the  grating  is  turned.  In 
his  case  if  <p  is  the  angle  of  deviation  and  0  the  angle  be- 
tween the  telescopes 

A  =  —  2  s  sin  <p  cos  — 
n  ^2 

These  methods  are  general  and  the  choice  between  them  is 
simply  a  question  of  the  convenient  application  of  the  appa- 
ratus at  hand.  Probably  the  first  and  the  second  methods  are 
the  most  generally  useful,  while  the  third  is  the  most  objec- 
tionable. The  method  of  minimum  deviation  slightly  increases 
the  experimental  difficulties,  but  often  improves  the  defini- 
tion of  the  gratings  and  is  capable  of  giving  very  exact  re- 
sults. The  last  method  is  applicable  only  when  the  spectrom- 
eter is  so  rigid  as  to  ensure  the  permanence  of  the  angle 
between  the  telescopes.  When  this  condition  is  fulfilled,  how- 
ever, the  method  is  very  valuable,  since  it  reduces  the  moving 
mass  to  a  minimum  and  allows  the  method  of  repetition  to  be 
readily  used. 

In  the  present  research  for  the  work  with  glass  gratings  the 
second  method  was  selected  as  best  suited  to  the  arrangement 
of  the  spectrometer.  This  was  a  very  good  instrument  by 
Meyerstein.  The  circle  is  32cm  in  diameter,  divided  on  silver 
to  6'  and  reading  by  two  microscopes  directly  to  2*  and  by 
estimation  easily  to  within  1".  The  collimating  and  observing 
telescopes  are  of  4cm  clear  aperture  and  about  35cm  focal 
length,  well  corrected  and  firmly  supported. 

For  the  second  part   of  the    work,  with   speculum    metal 
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gratings,  it  was  desirable  to  use  gratings'  of  the  largest  size 
practicable,  far  larger  than  could  be  used  on  the  above  de- 
scribed instrument,  both  by  reason  of  the  small  aperture  of 
the  telescope  and  the  inability  of  the  grating  holder  to  cany 
the  requisite  mass  steadily.  This  part  of  the  work  was,  there- 
fore, carried  out  on  a  very  large  instrument,  designed  by  Prof. 
Rowland  especially  for  using  gratings  of  the  largest  sizes  as 
yet  ruled.  This  instrument  nas  virtually  fixed  telescopes, 
solidly  clamped,  with  a  small  lateral  range  of  adjustment,  to  a 
T-shaped  casting  bedded  in  cement  which  in  turn  forms  the 
top  oi  a  large  bnck  pier  resting  on  a  stone  slab. 

The  telescopes  are  of  16,4CID  clear  aperture,  and  about  25 
meters  focal  length  and  the  objectives  are  of  excellent  quality. 
Each  telescope  is  fastened  to  an  arm  of  the  T,  which  has  a 
total  length  of  over  2  meters,  and  bears,  at  the  extremity  of  the 
shaf  t  the  spectrometer  proper.  This  is  an  instrument  by  Schmidt 
and  Haensch,  having  a  circle  32cm  in  diameter  divided  to  6' 
and,  as  in  the  other  spectrometer,  reading  by  two  microscopes 
directly  to  2"  and  by  estimation  to  less  than  half  that  amount 
The  original  central  platform  had  been  removed  and  replaced 
by  a  grating  holder  large  enough  to  carry  if  necessary  a  6  inch 
grating.  Such  an  apparatus  limits  one,  of  course,  to  the  fifth 
method,  but  so  rigid  is  the  whole  affair  that  experience  soon 
showed  that  the  angle  between  the  telescopes  did  not  change 
by  any  appreciable  amount.  The  circle,  however,  was  not 
finely  enough  graduated,  nor  were  the  microscopes  of  sufficient 
power  to  derive  the  fullest  benefit  from  the  size  of  the  tele- 
scopes ;  over  and  over  again  has  the  line  in  the  spectrum  ap- 
peared slightly  displaced  from  the  crosshairs,  when  no  differ- 
ence whatever  could  be  detected  in  the  micrometer  readings. 
However,  there  was  gained  the  great  advantage  of  using  grat- 
ings of  a  decimeter  in  length,  giving  spectra  of  great  bril- 
liancy and  superb  definition,  and  which  could  be  measured 
with  vastly  greater  exactness  than  is  possible  with  the  small 
gratings  generally  employed. 

Gratings. 

Four  gratings  have  been  used  in  my  experiments — two  of 
glass  and  two  of  speculum  metal.  The  former  are  probably 
the  best  of  the  very  few  glass  gratings  that  have  been  ruled  on 
Prof.  Rowland's  engine.  They  are  ruled  on  plane  sextant 
mirrors  of  rather  hard  glass. 

Grating  I,  contains  12,100  spaces  in  a  length  of  very  nearly 
thirty  millimeters,  the  lines  being  nineteen  millimeters  long. 
It  was  ruled  in  Jan.,  1884,  at  a  temperature  of  6°*7  C.  gives 
snectra  of  excellent  definition,  quite  free  from  ghosts  or  false 
lines,  and  having  almost  exactly  the  same  focus  on  both  sides 
of  the  normal. 
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Grating  •  II  has  8600  spaces  with  almost  exactly  the  same 
ength  and  breadth  as  I,  is  free  from  ghosts  and  false  lines  and 
ike  I,  is  very  smoothly  ruled,  though  it  is  somewhat  inferior 
o  I  in  the  matter  of  regularity.  The  definition  is  excellent 
aid  the  spectra  alike  in  focus  on  both  sides  of  the  normal.  It 
VH8  ruled  in  Nov.,  1884  at  ll°-6  C. 

Gratings  III  and  IV  are  on  speculum  metal.  The  plates  are 
ive  inches  square  and  five-eighths  of  an  inch  tliick,  and  were 
worked  plane  with  especial  care.  The  ruled  surface  is  of  the 
tame  size  in  each,  four  inches  long  by  two  inches  length  of 
ines. 

Grating  III  was  ruled  in  April,  1885,  at  a  very  nearly  con- 
itant  temperature  of  10°  C.  It  contains  29,000  spaces,  having 
rery  nearly  the  same  grating  space  as  II.  It  is  a  phenomenal 
grating  both  in  its  superb  definition  and  extraordinary  regular- 
ty  of  ruling,  and  was  selected  from  a  large  number  because  of 
te  very  unusual  perfection.  The  focus  of  the  spectra  on  each 
ride  oi  the  normal  is  the  same  and  the  ruling  is  flawless. 

Grating  IV  was  ruled  on  the  new  dividing  engine  just  com- 
pleted by  Prof.  Rowland,  and  was  one  of  the  first  large  ones 
jompleted.  While  the  new  engine  has  even  now  not  received 
the  finishing  touches,  it  has  turned  out  a  few  gratings  of  re- 
markable excellence.  One  of  these  is  IV,  which  was  ruled  in 
Dec,  1887,  at  a  constant  temperature  of  17°*2  C.  It  contains 
10,000  spaces  within  the  same  dimensions  as  III,  is  equal  to  it 
n  definition,  and  but  very  little  inferior  in  regularity  of  ruling, 
[t  has  very  nearly  the  same  focus  on  both  sides  of  the  normal, 
ind  the  ruling  is  wonderfully  even  and  perfect. 

It  should  be  noted  that  these  four  gratings  are  widely  di- 
verse, being  ruled  at  different  temperatures  and  under  different 
jonditions.  I  and  II  were  ruled  to  widely  diverse  grating 
spaces  on  different  parts  of  the  screw,  III  was  on  speculum 
metal  and  with  more  than  six  times  the  ruled  surface  of  I  or 
[I,  and  finally  IV  was  ruled  to  a  new  grating  space  on  a  new 
dividing  engine.  These  differences  may  not  favor  close  agree- 
ment in  the  experimental  results,  but  they  certainly  serve  to 
eliminate  anything  like  systematic  errors  due  to  the  gratings. 

The  above  gives  a  general  view  of  the  gratings  employed, 
t>ut  some  further  details  will  be  mentioned  in  the  second  part 
>f  this  paper  in  connection  with  the  determination  of  the  grat- 
ing spaces. 

On  the  Standards  of  Length. 

Very  many  of  the  discrepancies  in  the  determinations  of  ab- 
lolute  wave-lengths  are  the  direct  result  of  uncertainty  in  the 
standard  of  length  employed.  The  cases  of  Angstrom  and 
ran  der  Willigen  have  been  already  alluded  to,  and  the  same 
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source  of  error  is  common  to  all  other  determinations.  It 
seems,  therefore,  desirable  to  give  at  some  length  the  various 
comparisons  on  which  the  wave-length  as  given  by  my  experi- 
ments is  based.  Reserving  for  the  present  the  actual  meas- 
urement of  the  gratings,  which  is  a  comparatively  simple  mat- 
ter, I  will  therefore  discuss  the  standards  directlv  employed 
their  relations  to  the  Metre  des  Archives  as  fount!  by  various 
comparisons,  and  Anally  the  changes  which  have  taken  place  in 
those  relations  since  thev  were  first  determined. 

The  standards  with  which  the  gratings  have  been  directly 
compared  are  two  double  decimeters  on  speculum  metal,  desig- 
nated respectively  Sa,  and  S%.  Thev  were  graduated  and  com- 
pared by  Prof.  \V.  A.  Rogers  in  1885.  The  bar  Sx  is  23» 
long  and  bears  near  its  edge  the  double  decimeter  S*„  subdi- 
vided to  centimeters.  The  defining  lines  are  less  than  1  //  in 
width  and  beautifully  sharp  and  distinct.  S,  is  27*™  long  and 
is  graduated  in  the  same  way,  with  lines  of  the  same  width. 
Both  standards  are  of  the  same  speculum  metal,  and  are  of 
very  nearly  the  same  mass,  while  the  surfaces  and  graduation 
leave  little  to  be  desired.  The  coefficient  of  expansion  of 
these  bars  was  very  thoroughly  investigated  by  Prof.  Roger? 
and  was  found  to  be, 

17*946/1  per  meter  per  degree  C. 

The  absolute  lengths  of  Sa,  and  S%  depend  on  long  series  of 
comparisons  with  Prof.  Rogers's  bronze  yard  and  meter  R,  and 
steel  copies  thereof.  Upon  the  relation  existing  between  K, 
and  the  Metre  des  Archives  depends  then  the  absolute  value 
assigned  to  the  wave-length  of  light,  since  the  close  agreement 
of  the  various  series  of  comparisons  executed  by  Prof.  Rogers 
between  K„  and  the  speculum  metal  standards  show  that  no 
sensible  uncertainty  exists  in  the  relations  between  them. 

The  vard  -and  meter  K_  is  of  the  alloy  known  as  Bailev  s 
metal,  this  being  the  material  of  the  Imperial  Yard  and  many 
other  standards.     The  graduations  are  upon  platinum  iridium 
)lugs,  the  polished  faces  of  which  are  in  the  plane  of  one  sur- 
face of   the  bar  when  supported  at  its  neutral  points.      The 
relation  of  the  meter  Ka  to  the  Metres  des  Archives  rests  on  a 
very  large  number  of  comparisons  made  with  two  entirely  in- 
dependent secondary  standards ;  the  copper  meter  designated 
T,  and  the  brass  yard  and  meter  designated  C.  S.     A  full  ac- 
count of  these  comparisons  is  contained  in  vol.  xviii  of   the 
Proceeding  of  the  American  Academy  of  Arts  and  Sciences. 

The  meter  T  is  on  platinum  plugs  in  a  pure  copper  bar  and 
was  traced  and  compared  by  M.  Tresca  in  1880,  from  the  Con- 
servatoire line  meter  No.  19,  the  relation  of  which  to  the  Metre 
des  Archives  was  very  exactly  known. 
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The  yard  and  meter  C.  S.  has  its  graduations  on  silver  plugs 
n  a  brass  bar.  The  yard  was  compared  directly  with  the  Im- 
perial Yard  in  1880,  and  the  standard  was  then  sent  to  Breteuil 
There  it  was  compared  with  the  International  Meter  by  Dr. 
*ernet. 

There  were  thus  two  completely  independent  sources  from 
•rhich  the  relation  of  R,  to  the  Metre  des  Archives  could  be 
btained.  The  results  derived  by  very  elaborate  comparisons 
rith  each  of  these  were  as  follows : 

(VTiere  A0  is  the  Metre  des  Archives.  In  addition  to  the 
cry  close  agreement  of  the  above,  further  evidence  was  ob- 
ained  by  deriving  the  relation  between  the  yard  and  meter 
rom  R„  the  yara  Ra  having  been  exactly  determined  by  com- 
>arisons  with  C.  S.  and  with  "  Bronze  11,"  one  of  the  primary 
.opies  of  the  Imperial  Yard,  which  had  been  recompared  with 
hat  standard  in  1878. 

From  the  comparisons  of  Sx  and  S,  made  in  1885  the  follow- 
ng  value  of  those  standards  were  deduced : 

S\  +  0-98//  =  |A0,  and 
S%  +  0-2//  =  £A0.     Hence 
S%  =  Sax  +  0'7Sfj,  and  for  the  first  decimeters 

were  found  the  relations  : 

Dm^  +  0-05//  =  ^A,       Wh; 
Dm1S%-0-01//  =  1^A0.     VVnence> 
Dm^,  =  Dm1Sa1  +  0-06/4 

On  these  equations  were  based  the  results  embodied  in  my 
former  paper.  In  the  latter  part  of  May,  1887,  these  standards 
were  very  carefully  compared  with  each  other  and  with  a 
ipeculum  metal  bar  graduated  by  Prof.  Rowland,  as  I  desired 
o  take  one  or  more  oi  the  standards  to  Berlin  during  the  sum- 
ner  in  order  to  get  a  comparison  with  the  standard  used  by 
\1  iiller  and  Kempt. 

The  results  of  this  examination  were  of  a  somewhat  startling 
haracter,  as  follows : 

Saa=Sa,  +  1-2//,  direct 

S%  =  Sa,  +  l-l)ti,    through  the  Rowland  bar 

esignated  RB.     Also, 

Dm^,  =  Dm1Sa1  +  VI /j,  through  RB 

In  1885  Rogers  had  found  for  the  relation  between  the  two 
ecimeters  of  each  bar : 

Dm.S8,  =  Dm1Sa1  —  0'56/i 
Dm^,  =  DmaS%  +  0*46/4 
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I  now  found  for  the  same  quantities : 

Dra9Sa,  =  Dnr^S*,  +  0-64/i,  direct, 
Dm^,  =  Dm.S^  +  o-60/i,  from  RB 
Dn^S*,  =  DmaS*t  +  1'60/i,  direct 
Dm^1,  =  DmtSa,  +  1*65/*,  from  RB 

All  these  relations  being  for  16°"67  C. 

The  standard  S%  was  taken  to  Berlin  during  the  summer 
and  through  the  kindness  of  Dr.  Nieberding,  Director  of  the 
Normal  Aichungs  Commission,  I  was  enabled  to  have  it  com- 
pared with  R7g  the  standard  meter  to  which  the  wave  length 
measurements  of  Miiller  and  Kempf ,  and  Kurlbaum  had  been 
referred.     From  this  comparison  was  derived  the  relation : 

S%-  l-68/i  (±  O-15/i)  =JA§ 

On  returning  to  Baltimore  the  first  step  was  to  redetermine 
the  length  of  Sa,.  A  series  of  comparisons  was  therefore  insti- 
tuted l>etween  it  and  the  steel  vara  and  meter  A4,  the  relation 
of  which  to  R,  was  accurately  known,  A4  having  been  traced 
and  determined  by  Prof.  Rogers  and  furnished  by  him  to  the 
Johns  Hopkins  University.  Only  half  of  this  standard  is  sub- 
divided to  decimeters  but  a  series  of  comparisons  with  the 
various  pairs  of  decimeters  gave  the  relation, 

S\  +  l-8/i  =  iA0 

This  result  taken  together  with  the  relations  found  between 
Sa,  and  Saa  ntade   it  tolerably  clear  that  a  change  had  taken 
place  in  the  speculum  metal  standards,  and  to  obtain  a  further 
confirmation    rrof.   Rogers  kindly  consented  to  give  them  »* 
rigid  examination  and  again  compare  them  with  all  attainable 
accuracy  to  Ra.     Hfe  results  for  S%  were  as  follows : 

Dm^',  =  Dm,Sa9  +  WO/i 
8\  +  l-0/i  =  iA, 

There  is  no  escape  from  the  conclusion,  therefore,  that  th.  ^ 
speculum  metal  bars  S,  and  S,  have  changed  both  in  absolute 
length  and   the  relative  lengths  of  their  parts.     Here  are  tvr*~> 
bars  of  the  same  shape,  mass,  material,  and  constant  of  expan- 
sion.    Each  had  the  relation  between  its  halves  determined  in 
the  early  part  of  1885.     Two  years  later  these  relations  are 
found  to  have  changed  by  at  least  1//,  and  an  independent  de- 
termination by  the  original  observer  confirms  tliis  result  in  the 
most  unequivocal  way.     Further,  the  original  observer  recora- 
pares  one  of  these  standards  with  the  standard  from  which  it 
was  originally  determined  and  finds  a  change  of  1/jl. 

It  should  be  borne  in  mind  that  with  trie  comparator  used 
by  me  in  this  work,  1^  is  completely  outside  of  any  possible 
errors  of   observation.     The   microscope  used  was  especially 
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Le  for  micrometric  work  and  has  a  power  of  two  hundred 
fifty  diameters,  while  one  division  of  the  micrometer  equals 
»//.  The  average  error  of  a  single  comparison  between  two 
meters  is  rarely  greater  than  O'l/i,  while  the  temperature  of 
observing  vault  can  be  kept  for  several  days  constant 
lin  0o,5  C.  and  during  a  day's  observations  usually  remained 
stant  within  half  that  amount.  The  bars  under  comparison 
e  side  by  side,  symmetrically  placed  with  reference  to  the 
mination,  and  were  at  temperatures  very  near  to  16°#67,  at 
ch  they  were  standard. 

'he  facts  then  concerning  the  speculum  metal  bars  are 
*e :  In  about  two  and  a  half  years  S%  has  shortened  by 
y  nearly  VQ/i  and  Sa,  by  a  little  over  that  amount.  In 
this  change  has  taken  place  exclusively  in  the  last  decimeter 
in  S*,  it  has  been  confined  to  the  first  decimeter, 
"he  apparent  slight  increase  in  Dm,Sa,  and  Dn^S*,  I  do  not 
ftrd  as  oevond  the  effect  of  the  experimental  errors.  The 
nges  in  the  lengths  of  the  subdivisions  of  these  standards 
very  curious  and  some  explanation  may  be  offered  by  the 
t  that  the  bars  were  cast  in  a  nearly  vertical  position  and  an- 
led  in  sawdust,  a  method  hardly  sufficient  for  a  material  so 
mgly  crystalline  as  speculum  metal.  I  think,  however,  one 
ustified  in  drawing  tne  conclusion  that  speculum  metal,  so 
lpting  on  account  of  its  beautiful  surface  and  the  exquisite 
rpness  of  the  graduations  drawn  upon  it,  is  a  material  thor- 
;hly  unsuitable  for  standards  of  length  by  reason  of  its 
dency  to  change  with  time.  I  have  thus  entered  into  some- 
it  minute  details  in  the  case  of  these  bars,  because  the  whole 
stion  of  changes  in  standards  of  length  is  in  a  somewhat 
3ttled  state,  and  it  seems  desirable  to  put  on  record  this 
,  which  has  been  investigated  with  more  than  ordinary  care 
>oth  Prof.  Rogers  and  myself,  and  in  which  the  changes 
id  have  taken  place  within  a  comparatively  short  time. 
:  is  quite  well-known  that  in  1855  this  question  was  raised 
Vfr.  Sheepshanks,  then  engaged  in  constructing  the  new 
tish  standards.  Discrepancies  amounting  sometimes  to  2 
t/i  appeared  in  his  measurements,  but  after  a  considerable 
>unt  of  study,  these  differences  appeared  to  be  too  irregular 
)e  fairly  ascribable  to  actual  changes.  Slight  variations  of 
iperature,  especially  when  the  standards  compared  were  of 
erent  materials,  the  lagging  of  the  real  temperatures  of  the 
s  behind  the  thermometer  indications,  and  particularly  the  ef- 
t  of  coarse  and  sometimes  unsymmetrical  defining  lines,  are 
haps  enough  to  account  for  the  observation. 
?he  work,  however,  done  on  the  U.  S.  bar  "  Bronze  11," 
eported  in  the  report  of  the  Coast  Survey  for  1877,  seems 
how  genuine  change  in  that  standard. 
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A  long  series  of  comparisons  with  the  Imperial  Yard  and  its 
copies  in  1878,  showed  systematically  a  shortening  relative  to 
the  Imperial  Yard  of  over  4^c.  Although  further  measure- 
ments nave  tended  to  somewhat  lessen  this  discrepancy  it 
seems  to  be  sufficient,  considering  the  fact  that  u  No.  11 "  and 
the  Imperial  Yard  are  of  the  same  shape,  material  and  mass, 
and  were  compared  on  the  same  apparatus  as  during  the  orig- 
inal comparisons  in  1857,  and  at  nearly  the  standard  temper* 
ture,  to  establish  the  fact  of  a  real  change.  Wliile  3  or  4//  is 
absolutely  a  small  quantity,  its  systematic  appearance  under 
conditions  almost  identical  with  those  of  the  original  measnre- 
ment  can  hardlv  be  ascribed  to  experimental  errors.  The  other 
cases  cited  in  the  above  mentioned  paper  tend  to  confirm  this 
conclusion. 

The  gradual  and  sometimes  very  irregular  changes  that  are 
known  to  take  place  in  both  the  bulbs  and  stems  of  thermom- 
eters, would  lead  one  to  expect  that  glass  standards  of  length 
would  be  liable  to  similar  changes,  though  probably  in  far  less 
amount.  It  was,  therefore,  with  special  interest  that  I  examined 
glass  Decimeters  III  and  IV  belonging  to  the  Coast  Survey,  and 
used  by  Peirce  in  his  wave-length  measurements.  These  scales 
are  on  plate  glass,  of  the  same  dimensions,  and  having  coeffi- 
cients of  expansion  not  widely  different.  A  series  of  compari- 
sons made  at  a  nearly  constant  temperature  of  16°#5  C.  gave 
the  direct  relation 

III=IV  +  2-l/i 
While  the  same  relation   deduced   from  Peirce's  direct  eora- 

{>arison  by  applying  the  coefficients  of  expansion  assigned  by 
mil,  is 

III=IV  + 1-3/4 

The  defining  lines  on  both  standards  are  fine  and  sharp,  and 
unless  PeirceV  coefficients  are  grossly  in  error,  the  evidence  of 
change  between  1879  and  1S87  is  very  strong  indeed. 

Having  now  the  exact  present  relation  of  Saa  to  the  original 
standard  R3,  it  remained  only  to  investigate  the  difference  be- 
tween this  result  and  the  length  of  8%  as  deduced  from  the 
Berlin  comparisons.     I  have  been  unable  to  obtain   the  details 
concerning  R_M,  the  standard  used  in  these  comparisons,  but  it 
was  determined    by  comparison    with  the  standard  meter  of 
the  International   Hnreau.      The  comparisons  of  Saa  with  R, 
were  carefully  made  by  two  observers,  and  it  is  probable  that 
the  result  represents  the  relation  between  these  standards  with 
considerable  exactness.     It  should,  however,  be  borne  in  mind 
that  the  microscopes  had  power  of  only  50  diameters,  and  that 
the  bars  in  question  are  of  very  different  material  and  mass, 
thus  giving  a  chance  for  small  errors  due  to  varying  tempera- 
ture. 
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[t  is  possible,  however,  to  check  this  result  by  referring  S% 
the  Berlin  platinum  standard  through  the  medium  of  the 
ast  Survey  meter  "  No.  49."  This  latter  standard  was  corn- 
red  in  1876  with  meter  1605  and  directly  with  the  platinum 
tter.  The  details  are  given  in  Prof.  Foerster's  report  con- 
ned in  the  report  of  the  Coast  Survey  for  1876.  The  result 
the  direct  comparison  was 

Pl_«49"=+24-4//. 

But  now  Prof.  Rogers  has  compared  Ra  with  "  49,"  obtain- 
l  in  terms  of  the  assumed  length  of  R, 

"  49"= A— 19\3/<,  the  assumed  value  of  R, 
i«S  R,=A  +  1'3//.       Hence  we  have, 

R„— "49"= 20-6//,     from  which  follows, 
PI— R,=3-8^.      If     now     the     equation 

tween  PI  and  the  Metre  des  Archives  established  by  direct 
mparison  in  1860  be  correct : 

A0 — PI  =  —  3  -0 1  //.     And  therefore, 

Ra— A0=  —  0-8/i,      a  result   which    is    in 

se  accordance  with  those  derived  from  the  Conservatoire 
fter  and  Type  I  of  the  International  Bureau  by  means  of 
>  Standards  T.  and  C.  S. 

[n  my  final  determination  of  wave-length,  I  have  used  the 
an  value  of  S%  as  derived  by  the  foregoing  methods.  Col- 
ting  equations, 

S%  +  ()-96ju=|  A0  From  T. 
S%  +  1-04/i=4A0         "     C.  S. 
Sa,  +  l-40/i=4  A0         "     "49." 
S\-l«68    =*A0         «     R18. 

jiving  to  the  equations  derived  from  C.  S.  and  R78  twice  the 
ight  of  the  others,  we  have  finally, 

S\  +  0-2f/i=iA§. 

have  given  the  relations  derived  from  C.  S.  and  R,8  double 

fht  because  these  standards  have  been  compared  directly 
the  standard  of  the  International  Bureau,  which  now, 
bably,  should  be  regarded  as  the  ultimate  standard  of 
3rence.  Especially  is  this  true,  since  it  is  rumored,  appar- 
ly  not  without  foundation,  that  the  Metre  des  Archives  is, 
>resent,  for  some  unassigned  reason,  undesirable  as  a  direct 
idard  of  reference. 

t  is  unfortunate  that  there  is  not  more  general  uniformity 
he  material,  shape  and  mass  of  standards  of  length.  Dif- 
jnce  in  these  particulars  are  fruitful  sources  of  error  in  com- 
isons,  and  when  one  adds  to  this  the  trouble  arising  from 
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bad  defining  lines  and  imperfect  focus,  the  wonder  is  that  the 
results  are  as  good  as  they  usually  are.  It  is  hard  to  say  wliat 
material  is  least  liable  to  changes,  but  it  is  quite  certain  that 
substances  of  crystalline  structure,  and  alloys  of  which  the  phys- 
ical  properties  are  largely  dependent  on  a  nearly  definite  com- 
position, should  be  avoided.  Probably  pure  platinum,  silver, 
and  copper,  annealed  with  the  utmost  care,  and  kept  for  some 
years  before  final  graduation,  are  less  likely  to  cnange  than 
any  other  material  which  we  know.  For  short  standards,  possi- 
bly bars  of  native  copper,  prepared  with  as  few  strains  as  pos- 
sible, would  give  the  closest  possible  approximation  to  a  mate- 
rial which  has  arrived  at  a  permanent  state. 

Physical  Laboratory,  Johns  Hopkins  University,  Feb.  22,  18S6. 

[To  be  continued] 
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[Continued  from  xxxiii,  433;  xxxiv.  81,  349;  xxxv,  15,  181,  1888.] 

H.   The  Ascensive  Action  in  the  Conduit  lavas. 

1.  Evidence. — The  evidence  in  favor  of  an  uplifting  action 
by  the  ascensive  force  has  been  presented  in  volumes  xxxiv,  pp. 
83,  S9,  and  xxxv,  p.  25.     It  is  briefly  as  follows : 

(1)  The  observations  in  1846  by  Mr.  Chester  Lyman  demon- 
strate that  in  six  years  the  lower  pit  of  1840,  averaging  10,000 
feet  by  2,500  in  its  diameters  and  nearly  400  feet  in  depth, 
had  gradually  become  obliterated,  and  chiefly  through  an  uplift 
of  the  floor ;  for  the  floor  bore  on  its  surface  the  talus  of  lava 
blocks  that  had  fallen  from  the  walls.  Overflows  had  done 
part  of  the  work,  but  "subterranean  force,"  as  Mr.  Lyman  con- 
cluded, the  larger  part.  Mr.  Coan,  who  was  with  Mr.  Lvman 
at  the  time,  appreciated  the  evidence,  and  later  described  the 
lifting  as  %k  not  uniform  in  all  parts ;  as  sometimes  taking  place 
hero  and  there  abruptly ;  but  as  producing  nearly  uniform  re- 
sults, except  a  greater  rise  toward  Halema'uma'u.'' 

(2)  In  IStfS,  Mr.  Brigham  gave  further  evidence  as  to  the 
Lvman  ridge  by  the  representation  of  what  remained  of  it  in 
lSt>;>  (xxxiv,  8l>,  and  xxxv,  24),  on  his  valuable  map,  though 
not,  as  his  memoir  shows,  understanding  its  origin.  Besides 
this,  the  painting  of  the  crater  of  about  the  same  date  (1864  or 
earlier)  by  Mr.  Perry  afforded  confirmatory  proof  as  to  its 
position  and  extent  at  that  time  (xxxv,  25). 

(8)  In  1S4S,  Mr.  Coan  observed  that  a  cone  of  broken  lava 
that  had  formed  within  the  Halema'uma'u  basin,  was  lifted  by 
"  subterranean  action,"  as  he  argued,  because  only  slight  addi- 
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ions  were  made  to  its  outside  by  ejections.  It  continued  to  rise 
odily  until  it  was  as  high  as  the  near  walls  of  Kilauea  (xxxiv, 
6).  '  Between  1880  and  J  882,  another  debris  cone  began  in  the 
asm  of  Halema'uma'u  which,  as  he  describes,  rose  in  like  man- 
ler  without  additions  to  its  summit,  and  finally  became  200 
eet  or  more  high ;  this  cone  continued  to  exist  until  the  ernp- 
ion  of  1886. 

The  subterranean  force  appealed  to  was  plainly  force  arising 
n  some  way  from  the  lavas  beneath.  Mr.  Coan,  in  his  letters 
o  me,  supposed  that  the  lifting  was  produced  by  the  injection 
)f  the  lavas  of  the  conduit  into  open  spaces  between  the  solid 
ayere  below. 

(4)  Again,  in  the  summer  of  1886,  three  months  after  the 
jrnption  of  that  year,  the  debris  from  the  falling  walls  of  Hale- 
na'uma'u  were  seen  to  be  made  into  a  cone  occupying  a  large 
part  of  the  interior  of  the  basin  ;  and  from  August  onward,  it 
Fas  apparent  that  the  cone  so  made  was  slowly  rising,  though 
iaving  little  outside  additions ;  in  October,  its  top  was  on  a 
level  with  the  rim  of  the  basin ;  in  January,  200  feet  higher, 
K)  as  Dearly  to  overtop  the  southeastern  Kilauea  walls.  It  was 
&rly  apparent  to  visitors  at  the  crater  that  the  elevation  was 
through  action  below ;  and  soon  the  conclusion  was  general, 
iraoDg  observers,  that  the  cone,  as  expressed  in  the  words  of 
Mr.  Dodge,  of  January  14,  1887,  was  "  rising  slowly  as  though 
loating  on  the  surface  of  the  new  lava-lake.*  The  mean  rate 
>f  elevation,  according  to  the  heights  given,  was  about  two  feet 
i  day.f 

The  ascensive  force  was  thus  proved  to  be  great,  and  its 
effects  to  have  fundamental  significance. 

2.  Method  of  Actiori. — It  is  a  question  whether,  in  the  lift  of 
•he  floor  of  the  great  crater  in  1823, 1832,  1840, 1868,  the  lavas 
)f  the  lava-conduit  acted  by  direct  thrust,  or  through  injections 
flto  spaces  between  the  layers  of  solidified  lava  beneath  it.J 
The  facts  favor  strongly  the  former  of  these  views.  In  the 
irst  place,  the  lateral  thrust  in  the  upper  lavas  of  a  conduit  is 
lecessarily  feeble ;  for  the  conduit  there,  or  near  by,  opens  to 
'be  surface.  Then  secondly,  it  is  quite  certain  that  the  breadth 
)f  the  Kilauea  conduit  at  top  has  been,  at  the  times  of  these  up- 

*  This  Journal,  xxxiv.  70. 

1 1  was  informed,  when  at  Honolulu,  by  Mr.  Parmelee,  of  that  place,  that  in 
August  of  1886,  he  made  observations  on  the  rate  of  change  of  level,  by  sighting 
rom  the  Volcano  House  verandah  over  a  post  100  yards  in  front  of  the  house, 
od  marking  the  change  of  the  line  of  sight  on  a  pillar  of  the  verandah.  His  ob- 
tfvatious  were  made  between  the  19th  and  21st  of  the  month,  on  the  first 
ij  of  the  rise,  according  to  his  calculated  result,  was  16  feet ;  on  the  second,  17  ; 
id  on  the  third  8  feet.  These  numbers  are  large.  They  were  not  verified  by 
>gervations  near  the  cone.  They  at  least  prove  progress  in  the  elevation. 
J  The  latter  is  the  explanation  adopted  by  Mr.  Brtgham  in  his  paper  of  July, 
187,  xxxiv,  19. 
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lifts  of  the  floor,  large  enough  to  act  somewhat  equably  against 
the  floor.  Thirdly,  since  the  floor  kept  its  even  surface  ae  it 
fell  at  the  great  eruption  of  1840,  it  must  have  followed  down, 
as  already  urged,  the  subsiding  lavas  (page  213).  The  flotation 
method,  or  that  by  direct  thrust,  seems  therefore  to  be  the  right 
one.  It  is  the  obvious  explanation  of  the  lifting  of  the  debris 
cones  of  Halema'uma'u. 

Kilauea  affords,  as  has  been  indicated,  facts  illustrating  the 
details  connected  with  the  lifting  movement. 

3.  Fault  planes  of  the  up-ana-down  movements  about  the  pit 
— (1)  The  down-plunge  of  1823,  1832,  and  1S40  left,  for  the 
most  part,  vertical  walls  bounding  the  "  lower  pit "  so  made. 
There  is  evidence  that  these  were  fault-walls,  that  is,  planes  of 
fracture  with  a  vertical  displacement  along  them  equal  to  their 
height,  or  about  400  feet  in  1840  and  600  or  800  feet  in  1823. 
In  the  reverse  movement,  that  is,  the  rise  after  the  down-plonge 
of  1840,  the  old  floor  was  carried  up  along  the  same  fault-planes. 
The  rate  of  rise,  as  shown  on  page  16,  was  70  to  130  feet  a 
year,  which  is  to  be  divided  between  (a)  overflows  (&),  vesicnla- 
tion  if  this  had  any  effect,  and  (c)  ascensive  force  apart  from 
vesiculatioh. 

Further:   these   vertical  fault -planes  of   1840,  and  others 
subordinate  to  them  along  the  border  regions,  appear  to  have 
determined  the  chief  places  of  eruption,  that  is,  of  lava-lakes^ 
cones,  ovens  and    opened   Assures  in  Kilauea  during  the  n*x£ 
thirty  years.     They  were  plainly  the  occasion  of  the  wonderful 
girt  of  fires,  four  miles  long  and  half  a  mile  wide,  which  wa& 
three  times  repeated  after  the  vear  1846  before  the  eruption  of 
1868  (in   1*55,   1863,    and    1866),  while  the  interior  plateau 
suffered    relatively  little  change  from  erupting  forces,  and  in 
some  parts  was  growing  ohelo  bushes  and  ferns. 

The  position  of  the  "  canal"  in  Kilauea  in  1846  described  by 
Mr.  Lyman  and  also  by  Mr.  Coan,  as  extending  around  the 
crater,  bounded  by  the  outline  of  the  old  black  ledge  and  the 
Lyman  ridge  of  lava-blocks,  and  which  became  gradually 
filled  by  inflowing  lavas  and  debris,  has  here  its  explanation. 
The  circumferential  fault-planes  of  the  pit  of  1840  coincided 
with  the  face  of  the  lower  wall  or  precipice.  The  debris 
which  fell  from  the  wall  necessarily  fell  to  the  floor  beyond  the 
plane  and  there  began  the  making  of  the  talus.  Through  the 
fall  of  the  face  of  the  wall,  the  wall,  and  thereby  the  limit  of 
the  black  ledges,  retreated,  and  as  the  elevation  of  the  floor 
went  on,  an  interval  was  left  between  the  talus  and  the  limit 
of  the  black  ledge,  and  along  this  interval  lay  the  "canal/' 
The  annexed  figure  will  serve  to  illustrate  the  point,  notwith- 
standing the  assumptions  made  in  it.  Let  W  be  the  wall  of 
the  lower  pit,  400  feet  high,  and  the  course  of  the  fault-plane; 
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^  the  floor  of  the  pit ;  i'<?,  the  surface  of  the  black  ledge.     Let 

>w  the  falls  from  the  wall  above  e  make  the  talus  deb  with  a 

ope  of  45°,  causing  thereby  the 

all    (and    limit    of    the    black 

sdge)  to  retreat  to  g.      If  the 

oor  be  now  lifted  400  feet,  to 

le  position  a'i',  the  debris   of 

le    talus   deb  would    make    an 

levation  at  top  equal  to  d'e'V, 

asides   filling   up   efb\  {efb'= 

W^tdeb);  the   interval    b'fg 

rould   represent  the  canal,  and 

Ve'V,  100  feet  high,  the  ridge. 

If  the  floor  were  raised  50  feet  higher,  the  ridge  would  be 
owered,  say  25  feet,  owing  to  material  that  would  slip  down 
nto  the  canal;  and  consequently,  the  height  of  the  ridge 
ibove  the  floor  over  the  center  of  the  crater  would  then  be  25 
eet  less  than  before,  while  25  feet  more  than  it  was  above  the 
lack  ledge.  If  no  talus  had  been  formed  at  the  foot  of  the 
all,  an  uplift  of  the  floor  of  500  feet  would  have  made  a 
recipice  of  100  feet  fronting  toward  the  black  ledge,  the  falls 
om  which  would  have  produced  a  steep  talus.  These  are  two 
mditions  in  the  different  parts  of  the  ridge  mentioned  in  Mr. 
yman's  paper. 

(2)  Fcvultrsplanes  about  Halema?urna?u. — In   Halema'uma'u 
the  eruption  of  1886,  there  was  a  circumferential  fault  plane  ; 

us  seems  to  be  implied  in  the  fact  that  the  return  of  lava  was 
•ostly  through  vents  toward  the  walls,  little  coming  up  at 
*e  center;  and  the  fact  that  even  a  year  and  a  half  after- 
ard,  the  action  was  greater  outside  of  the  cone  than  at  its 
-nter.  At  the  discharge,  the  debris  from  the  tumbling  walls 
ell  beyond  the  fault-plane  and  made  an  accumulation  of 
locks,  like  the  talus  of  the  lower  pit  of  1840,  and  this,  as  Mr. 
)odge's  description  shows  and  the  photographs  illustrate,  was 
he  material  that  became  the  cone  as  the  lifting  went  forward. 

(3)  Conclusion. — By  the  above  facts,  it  is  proved  that  the 
onduit  lavas  of  the  volcano  not  only  keep  up  the  supply  of 
eat,  and  carry  on,  by  means  of  the  vapors,  projectile  action 
id  vesiculation,  but  also  that  they  furnish  power  for  lifting, 
i  a  quiet,  unperceived  way,  the  floors  of  craters  with  whatever 

upon  them,  and  thus  raising  the  level  of  volcanic  activity ; 
id  that  this  goes  forward  as  part  of  the  ordinary  operations 
\  the  crater.  The  action  has  long  been  recognized  as  a  means 
r  supplying  heat  and  lavas,  but  not  as  a  mechanical  agent  to 
lc  extent  here  indicated.  The  force  at  work  in  making  the 
ilbert  laccoliths  must  be  the  same,  and  Mr.  Gilbert,  in  his 
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report  on  the  Henry  Mountains,  gave  the  first  intelligible  idea 
of  its  power. 

But  there  is  nothing  in  the  action  that  leads  us  to  suppose 
that  it  can,  under  any  probable  conditions,  make  jets  or  foun- 
tains of  lavas,  or  work  in  blow-hole  style.  Each  jet  over  a 
lake,  and  each  large  jet  in  a  lava-fountain,  has  its  local 
projectile  cause  beneath  the  projected  column  of  lava,  and 
cannot  be  produced  by  any  general  upthrust  movement  in  the 
great  conduit.  The  imperceptibly  slow  uplift  and  fountain- 
making  are  incompatible  effects.  There  seems  to  be,  therefore, 
no  foundation  for  the  comparison  of  the  lava  fountains  to  the 
projectile  effect  in  an  u  artesian  boring  made  to  a  stratum  of 
molten  rock  which  had  onlv  been  awaiting  an  opportunity  to 
overflow/"* 

The  source  of  the  ascensive  movement  I  have  stated  to  be 
undetermined.  It  is  most  commonly  referred  to  the  pressure 
of  the  earth's  crust  on  the  lava  reservoir  beneath,  arising  from 
subsidence  in  the  earth's  crust  from  secular  refrigeration. 
Another  explanation  appeals  to  vapors  from  the  deep  source 
of  the  lavas.  The  possibility  of  some  addition  to  the  force 
through  ascending  vapors  is  referred  to  on  page  195  of  this 
volume. 

C.  Effects  of  Heat 

1.  From  change  of  temperature. — Contractional  effects  from 
cooling,  that  is  fractures  and  changes  of  level,  should  be  com- 
mon in  the  crater;  for  each  stream  has  passed  from  a  tempera- 
ture of  2000°  F.  or  more  to  70°  or  80°  F.  and  the  upper 
surface  of  a  stream  rapidly  so.  Besides  ordinary  shallow  frac- 
tures, the  cause  produces  also  an  imperfectly  columnar  structure 
in  the  cooled  lava-stream  below  the  upper  foot.  The  cracks  in 
the  floor  often  expose  quite  good  basaltic  columns  even  when 
the  thickness  of  the  layer  is  hardlv  a  dozen  feet 

There  should  he  also  larger  effects  in  the  Kilauea  region 
arM!i;L:  from  change  of  temperature  between  periods  of  great 
ami  little  activity,  or  from  periodical  variations  in  the  heat 
l»cl«»\v.  and  changes  of  level  in  the  lava  of  the  conduit  But 
we  have  no  special  facts  to  rejH>rt  in  illustration,  although 
there  are  cracks  innumerable  in  view  that  probably  have  thi? 
><>urce. 

L\     Th*    tlixsolri/itj  action  of  th*   Jlquifl  hjV*l*. 

■  1.)  The  n  fn*int,   of  the  cru*t  over  the  surface  of  a  lava- 

lak»-  l»v  the  liquid  lavas  is — as  the  historv  has  shown — one  of 

*  * 

the  common  occurrences  in  Halema'uma'u  and  other  lava  lakes. 

*  y\*  W  \.  «;p.-!i.  V«-*ti^es  of  the  Molten  GKce.  pp.  W>.  272.  Mr.  Green's 
t-x-'ii. ]■!<•-  ;ir«-  t.ik».-:.  from  action  in  the  summit  crater,  and  when  speaking  of  that 
cr;:t»-r  tl.i*  p.-/: nt  will  >>e  nirnin  considered. 


J.  D.  Dana — History  of  the  Changes  in  Kilauea.     287 

'he  intervals  of  cooling  and  refusion  vary  in  length  from  a 
ew  seconds  to  an  hour  and  longer.  The  crust  of  a  lava-lake 
i  often  only  the  thin,  easily  fusible  glassy  scum,  but  thicker 
rusts  also  yielded  to  the  heat. 

In  the  case  of  rapid  transitions,  the  cooling  and  refusion 
nay  be  due  to  the  loss  of  heat  by  the  expansion  in  the  process 
>f  vesicnlation ;  and  if  the  vesiculation  takes  place  intermitt- 
ently for  any  reason  (as  from  oscillating  movement  in  the  lava 
solumn,  or  other  condition)  it  would  occasion  the  alternations 
between  the  fused  and  crusted  state.  But  for  the  crustings  at 
onger  intervals  deeper  movements  may  be  concerned,  and 
acre  study  is  needed  before  they  are  fully  understood. 

(2.)  The  disappearance  of  floating  islands  is  another  effect 
>f  heat  and  chiefly  of  refusion.  For  in  some  cases  the  islands 
iave  after  a  while — a  year  or  more — disappeared. 

(3.)  The  destruction  of  debris-cones  in  Halema'uma'u  is  de- 
>endent  on  undermining  bv  the  active  lavas  and  vapors  be- 
leath ;  and,  in  one  case,  the  destruction  was  probably  com- 
peted before  a  period  of  eruption  (xxxiv,  88). 

The  debris-cone,  1500  to  2000  feet  broad  at  base,  which  now 
►ccupies  the  center  of  the  Halema'uma'u  basin  is  already  in 
>roce88  of  dissolution.  It  made  no  increase  in  height  during 
he  summer  of  1887,  but,  instead,  rather  lost  ground  through 
he  changes  going  on.  This  fact  was  obvious  in  August  last ; 
or  the  east  wall,  a  single  continuous  ridge  in  October,  1886, 
lad  become  divided  into  two  ridges,  and  dense  vapors  rose 
rom  the  interval  between,  with  sounds  of  splashing  lavas  that 
rere  evidence  of  an  active  lava- lake  below  A  photograph  taken 
l  October,  1886,  copied  on  Plate  IV,  shows  the  condition  of  this 
de  of  the  cone  at  that  time  when  it  had  reached  its  maximum 
eight ;  and  Plate  V,  from  a  photograph  taken  nearly  a  year 
.ter,  in  September  last  (a  month  after  I  left  the  crater),  ex- 
ibits  the  condition  above  described.  Both  views  were  taken 
►oking  westward,  and  the  foreground  in  each  is  the  bottom  of 
[alema'uma'u  on  the  east  side  of  the  cone.  In  Plate  IV  dense 
apors  may  be  seen  issuing  from  a  large  aperture  near  its  inid- 
le,  and  other  vapors  from  a  lower  place  to  the  right  (north), 
i  Plate  V,  the  vapors  escape  copiously  all  the  way  between 
lese  two  places  and  far  southward,  snowing  the  subdivision 
early  completed.  A  photograph  taken  in  the  spring  of  1887 
thibits  an  intermediate  stage  in  the  process  of  division.  A 
tter  of  Jan.  2  of  the  current  year,  from  Mr.  J.  H.  Maby, 
roprietor  of  the  Volcano  House,  says  that  the  bottom  of  the 
[alema'uma'u  basin  on  the  east  side  (that  shown  in  the  plates) 
is  risen  much  and  is  now  nearly  on  a  level  with  the  upper 
irface  between  it  and  "  New  Lake"  and  a  lava-lake  has  opened 

it,  ao  that  the  fires  and  the  overflows  are  visible  from  the 
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Volcano  House,  and  "  to  all  appearances,  the  lavas  will  soon 
be  running  into  New  Lake." 

The  description  given  by  Professor  Van  Slyke  of  the  cone  as 
seen  by  him  in  July,  1886,  gives  particulars  as  to  the  steam- 
holes  in  and  beneath  the  cone,  ana  the  blowing-cone  work, 
which  began  this  work  of  destruction  and  prepared  the  way 
for  the  subdivision.  He  states  that  he  ascendea  the  cone  to  a 
perpendicular  well,  which  opened  through  its  side  by  a  hole 
"  30  or  40  feet  wide  and  60  to  75  feet  long,"  and  looking  down 
to  the  bottom  100  feet  below,  saw  the  lavas  rising  and  falling 
in  jets  from  a  small  vent.  In  another  well  of  like  depth,  20 
to  30  feet  in  diameter,  there  was  a  cone  and  "  lava  boiling  with 
intense  violence"  (xxxiii,  96). 

This  destructive  work  brings  the  cone  to  its  end  either  be- 
fore, or  during,  a  period  of  eruption ;  and  a  floating  island 
may  be  the  last  phase  before  its  disappearance. 

(4.)  Opening  of  new  lava  lakes. — With  the  intensifying  of 
the  fires  of  the  crater  there  has  often  been,  as  the  history 
shows,  an  opening  of  lakes  over  the  interior  o*  the  crater,  and 
especially  along  the  borders  of  Kilauea,  or  the  region  of  the 
black  ledge.  Such  facts  signify,  as  I  have  explained,  that  the 
broad  underlying  conduit  of  Kilauea,  which  is  like  a  great 
reservoir  of  lavas  beneath  the  pit,  reaches  at  such  a  time  up  to 
the  surface,  not  only  in  the  Halema'uma'u  basin  through  the 
great  conduit,  but  also  in  minor  lakes  through  secondary  con- 
duits. It  is  a  query  whether  this  has  ever  been  brought  about 
by  new  sources  of  vapor  starting  in  the  underlying  reservoir, 
as  a  consequence  of  subterranean  conditions ;  whether  hot 
vapors  from  such  a  source  have  not  forced  a  way  through  to 
the  surface  in  consequence  of  their  own  dissolving  and  filing 
heat  and  that  of  the  lavas,  and  thus  have  made  a  new  lake ;— as 
ascending  air  from  the  bottom  of  an  ice  covered  pond  makes  a 
hole  through  the  covering  of  ice.  But  such  lakes,  as  remarked 
on  a  preceding  page,  are  generally  begun  over  fissures,  and  it 
may  be  that  fissures,  under  the  general  increased  activity,  are 
all  that  are  needed  for  the  result. 

(5.)  Extending  the  limits  of  the  conduit  by  fusion.— An- 
other  suggestion  comes  from  the  fusing  power  of  the  Ilalema'u- 
ma'u  lavas.  If  these  lavas  can  slowly,  even  at  their  surface, 
fuse  stoney  lavas,  what  is  the  extent  of  the  fusing  power  at 
depths  below  where  there  is  greater  heat  ?  An  increase  in  the 
heat  from  a  subterranean  cause  would  necessarily  widen  the 
limits  of  the  conduit.  It  is  a  question  whether  an  extended 
subterranean  bed  of  liquid  lava,  thick  enough  to  remain  per- 
manently liquid  in  spite  of  cooling  agencies  about  it,  can 
occupy  its  place  without  fusing  and  incorporating  with  itself 
any  solid  lavas  directly  underneath  it,  if  such  there  be  if    A 
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great  lava-conduit,  therefore,  has  probably  its  varying  phases, 
like  the  fires  at  the  surface,  and  includes  extremes  in  breadth 
or  enlargement  as  well  as  in  contraction.  The  widest  part 
should  not  be  at  the  summit  unless  the  cooling  agencies  are 
less  effective,  or  the  heat-making  causes  more  so,  there  than 
elsewhere. 

3.  The  metamorphic  action  of  the  heat, — Metamorphic  action 
also  may  be  part  of.  the  quiet  work  of  the  volcano.  The  lava- 
column  has  its  enclosing  rocks,  and  at  temperatures  varying 
from  that  just  below  fusion  to  that  of  the  outside  rocks ;  and 
vapors  must  be  active  in  the  hot  regions.  The  throat  of  the 
conduit  may  well  be,  therefore,  a  region  of  recrystallizations, 
of  the  making  of  geodes,  or  lining  fractures  with  crystals,  out 
of  whatever  material  was  at  hand,  and  differing  somewhat 
according  to  the  temperature.  The  effects  of  such  meta- 
morphism  are  exhibited,  beyond  question,  in  the  various  min- 
eral crystallizations  in  the  ejected  masses  of  Vesuvius.  They 
are  found  also  at  Kilauea  and  will  be  mentioned  beyond. 

D.  Hydrostatic  and  other  Gravitational  Pressure. 

1.  The  hydrostatic  pressure  of  the  column  of  liquid  basalt 
is  2*8-2  9  times  that  of  water,  supposing  the  lavas  while  in 
fusion  to  be  mainly  in  the  glassy  condition.  This  pressure 
was  early  recognized  by  LyelT  as  one  of  the  possible  causes  of 
rupture  in  volcanoes.  The  cause  may  have  its  effects  in  a 
quiet  way  over  the  bottom  of  Kilauea,  since  the  lavas  often 
stand  in  the  lakes  at  a  height  of  50  to  100  feet  above  the  floor 
outside  of  the  surrounding  cone ;  but  no  facts  yet  observed  can 
be  positively  referred  to  it. 

2.  Again,  there  may  be  underminings  and  therefore  subsi- 
dences in  the  ordinary  course  of  Kilauea  changes,  through  dis- 
charges following  small  fractures.  But  such  effects  are  not  at 
present  distinguishable  from  those  of  other  modes  of  origin. 

Having  thus  reviewed  the  ordinary  operations  of  the  crater, 
that  is,  those  carried  forward  between  times  of  eruptions  in 
the  way  of  preparation  for  an  eruption,  the  next  enquiry  is, 
What  is  needed  to  produce  a  great  eruption  of  Kilauea  ?     The 

C)wer  of  the  rising  vapors  and  that  of  the  ascensive  conduit- 
vas,  the  two  chief  sources  of  ordinary  activity,  appear  to  be 
too  feeble  for  any  such  result.  Can  eruptions  take  place  with- 
out any  increase  of  their  activity  within  the  crater  beyond 
what  has  been  described  ?     If  so,  how  ? 

Before  discussing  this  subject,  the  history  of  the  summit 
crater,  Mokuaweoweo,  may  be  first  reviewed,  as  its  facts  afford 
important  illustrations  of  the  eruptive  methods. 

[To  be  continued.] 
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Art.  XXIV. —  The  Electromotive  Force  of  Magnetization;* 'by 
Edward  L.  Nichols  and  William  S.  Franklin. 

At  the  Ann  Arbor  meeting  of  the  American  Association  for 
the  Advancement  of  Science,  we  described  some  singular  mod- 
ifications in  the  relation  of  iron  to  acids  which  occur  when  the 
reaction  takes  place  within  the  magnetic  field.  The  present 
paper  deals  with  the  behavior  of  iron  when  that  metal  acts  as 
one  electrode  in  a  voltaic  circuit,  and  is  at  the  same  time  sub- 
jected to  magnetisation. 

A  galvanometer  placed  in  a  circuit  consisting  of  two  elec- 
trodes of  iron,  metallically  connected   on  the  one  hand,  and 
dipping,  on  the  other,  into  a  cell  containing  any  liquid  capable 
of  dissolving  them,   will  indicate  the  existence  of  a  current 
whenever  the  reaction  between  the  metal  and  the  liauid  dif 
fers  in  character  or  rapidity  at  the  two  terminals.     There  are 
always  at  work  a  number  of  causes  of  such  inequality  of  ac- 
tion, and  the  electro- motive  force  between  iron  poles  in  anv 
liquid  which   attacks  them  freely  is  not    inconsiderable.    It 
amounts  as  a  rule  to  several  thousandths  of  a  volt  and  even 
when  special  precautions  have  been  taken  to  secure  homogen- 
eity in  the  elements  of  the  circuit,  a  sensitive  galvanometer 
will  not  fail  to  show  the  existence  of  a  current.     If  one  of  the 
terminals  be  placed  within   a  magnetic  field,  new  differences 
of  potential  will  be  developed,  both  from  the  magnetization 
of  the  iron  and  from  the  change  in  the  chemical  relations  be- 
tween the  metal  within  the  field  and  the  liquid.      This  electro- 
motive force  we  have  proposed  to  call  the  electro-motive  fori* 
of  magnetization. 

With  the  exception  of  two  papers  by  Dr.  Theodor  GrosH" 
of  Berlin,  which  came  to  our  notice  too  late  to  enable  us  to 
take  advantage  of  their  valuable  contents  in  our  investigation, 
we  know  of  no  observations  of  the  effect  of  magnetization 
upon  the  voltaic  behavior  of  iron.  Dr  Gross's  research  deals 
chiefly  with  the  electro-motive  force  due  to  the  magnetization 
of  the  iron,  and  touches  only  incidentally  upon  the  nature  ot 
the  currents  produced  when  one  of  a  pair  of  iron  electrodes 
has  its  electro-chemical  relations  to  the  solution  modified  by 
being  placed  within  the  magnetic  field.  It  is  with  the  lat- 
ter phase  of  the  subject,  principally,  that  our  experiments 
have  to  do. 

*  Paper  read  at  the  New  York  meeting  of  the  American  Association  for  the 
Advancement  of  Science,  August  1  1.  1SH7. 

f  Th.  Gross;  Ueber  cine  neue  Knistehungsweiso  galvaniseher  Strome  durcl: 
Magnetismus:   Sitzungsberichte  der  Wiener  Academie,  vol.  xcii.  I.s85. 
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The  first  form  of  cell,  which  we  uBed*  consisted  of  two  glass 
tubes,  a  and  b  (figure  1),  about  1™  in  diameter  and  10™  long. 
These  were  closed  at  the  lower  end  and  were  connected  by  a 
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narrower  glass  tube  (c),  about  50™  in  length.  The  electrodes, 
e,  and  e„  consisting  of  soft-iron  wire,  were  inserted  through 
the  open  ends  of  a  and  b.  They  were  exposed  to  the  liquid 
for  about  1™  at  their  lower  ends.  When  this  apparatus  was 
filled  with  a  liquid  capable  of  dissolving  iron,  it  formed  a  sin- 
gle cell,  one  terminal  of  which  could  oe  placed  between  the 
poles  of  an  electro- magnet,  while  the  other  was  well  outside 
of  the  field.  When  the  free  ends  of  the  wires,  e,  and  ev  were 
connected  through  a  sensitive  galvanometer,  it  was  found  that, 
although  the  terminals  were  taken  from  the  same  piece  of 
Wire,  and  were  immersed  in  the  same  liquid,  a  measurable  cur-, 
rent  was  always  flowing  in  the  circuit.  The  electro-motive 
force  was  constant  neither  in  amount  nor  in  direction.  In 
many  liquids  it  changed  but  slowly,  however,  and  could  be  bal- 
o  anced  by  means  of  a  variable  counter- 

electro- motive  force  introduced  into 
the  circuit  For  this  purpose  a 
Darnell's  cell  was  placed  in  circuit 
with  two  variable  resistances,  R  and 
r  (figure  2).  The  cell  with  iron 
electrodes  was  shunted  around  r, 
and  the  ratio  H/r  was  so  adjusted 
that  the  current  in  the  shunt  circuit, 
due  to  the  Daniell  cell,  was  iust 
sufficient  to  reduce  the  galvanometer  deflection  to  zero.     The 
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Salvanometer  could  then  be  sensitized  to  any  desired  extent, 
ut  the  fluctuations  in  the  electro-motive  force  of  the  iron  cell 
were  such  that  the  balance  was  never  more  than  momentarily 
maintained,  and  the  galvanometer  drifted  continually. 

In  yery  weak  acids  and  in  solutions  of  FeS04,  FeClf  NH^ 
and  similar  salts,  these  fluctuations  were  not  such  as  to  pre- 
clude the  possibility  of  making  measurements,  bnt  in  concen- 
trated acids  they  were  for  the  most  part  so  rapid  and  insu- 
lar as  to  put  galvanometer  readings  out  of  the  question.   In 
nitric  acid,   of  considerable  strength,  these  fluctuations  were 
so  remarkable  as  to  deserve  special  mention.     The  electro  mo- 
tive force,  amounting  to  a  considerable  fraction  of  a  volt, 
changed  sign  continually,  carrying  the  spot  of  light  across  the 
galvanometer  scale,  to  and  fro,  with  great  rapidity.    The  fre- 
quent and  irregular  oscillations  continued  with  undiminished 
violence  until   the  electrodes  were  entirely  dissolved  or  the 
acid  nearly  neutralized.     Upon  first  closing  the  circuit  one  of 
the  iron  terminals  would  be  slightly  more  active  than  its  fel- 
low.    The  tendency  of  the  less  active  electrode  would  then  lie 
to  protect  the  other  from  the  attack  of  the  acid,  rendering  it; 
temporarily  passive,  as  a  piece  of  platinum  would  do  under  the 
same  circumstances.    The  passive  terminal  would  then  react  in 
like  manner  upon  the  first  and  electro-motive  force  would  be 
reversed  again  and  again  until  the  electrodes  were  consumed. 

In  those  cases  in  which  the  fluctuations  were  not  such  as  to 
make  the  attempt  at  compensation  ineffectual,  we  were  able 
to  make  measurements  of  the  initial  electro-motive  force  of  ihc 
cell  and  of  the  changes  in  electromotive  force  caused  by  tho 
action  of  the  magnet. 

One  of  the  iron  terminals  was  placed  between  the  poles  ot 
a  large  electro-magnet.  To  obviate  any  direct  effect  of  the 
magnet  upon  the  galvanometer  needle,  the  galvanometer  was 
set  up  in  a  room  several  hundred  feet  distant  from  that  in 
which  the  former  instrument  was  located.  The  "iron"  cell 
having  been  connected  with  the  wires  leading  to  the  galvan- 
ometer room,  the  initial  electro-motive  force  was  balanced  by 
the  method  already  described,  and  the  galvanometer  was 
brought  to  the  desired  degree  of  sensitiveness  by  means  of  a 
governing  magnet.  One  observer  then  proceeded  to  make 
galvanometer  readings  at  intervals  of  fifteen  seconds,  while 
another  magnetized  and  demagnetized  the  electro-magnet  every 
two  or  three  minutes,  reversing  the  magnetizing  current  each 
time.  The  electro-magnet  in  question  has  been  described  in  a 
previous  paper.* 

Like  most  large  instruments  of  the  kind,  it  required  several 
seconds  after  the   circuit  had    been   closed  to  attain  its  fall 

*  T\\\a  JouTMfcY,  ^<a\.  txxv,  v«  272. 
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mgth;  and  it  retained  considerable  residual,  magnetism 
en  the  circuit  was  broken.  By  the  following  very  simple 
'ice,  however,  the  residual  magnetism  was  almost  entirely 
troyed.  A  reversing  switch  of  Poggendorff's  pattern  and 
ordinary  telegraph  key  were  placed  in  series  in  the  magnet- 
ig  circuit.  While  the  magnet  was  in  function,  a  piece  of 
b  iron  wire  about  lcm  long .  was  suspended  by  magnetic  at- 
2tion  from  the  underside  of  one  of  the  pole  pieces.  The 
•e  served  as  an  indicator  of  the  magnetic  condition  of  the 
es.  Upon  breaking  circuit  with  the  key  the  residual  mag- 
ism  was  sufficient  to  hold  it  in  position.  W  hen,  however, 
current  was  first  reversed  by  means  of  the  Poggendorff 
itch,  and  then  broken  at  the  instant  when  the  magnet  was 
ising  through  the  condition  of  neutrality,  the  proper  moment 
ng  indicated  by  the  dropping  of  the  suspended  wire,  the 
gnet  was  left  thoroughly  demagnetized.  The  interval  of 
le  between  reversal  of  the  current  and  neutrality  was  about 

0  seconds. 

After  each  series  of  readings,  the  galvanometer  was  cali- 
ited,  the  resistance  of  the  iron  cell  was  measured  and  the 
ength  of  the  magnetic  field  was  estimated  by  a  modification 
Rowland's  method.  The  instrument  used  in  most  of  these 
5a8urements  was  Edelmann's  form  of  the  Wiedemann  galvan- 
teter,  read  with  telescope  and  scale.  For  some  experiments 
which  a  high  degree  01  sensitiveness  was  necessary  a  Thom- 
i  reflecting  galvanometer  of  2500  ohms  resistance  was  used, 
t  was  found  possible  by  this  method,  excepting  when  the 
'tuations  in  the  initial  electro- motive  force  of  the  cell  were* 
y  marked,  to  detect  changes  amounting  to  much  less  than 
>01  volts. 

V"e  experimented  with  a  variety  of  reagents,  including  ni- 
>  hydrochloric  and  sulphuric  acids;  ferrous  sulphate,  ferrous 
>ride,  and  ammonium  chloride,  in  aqueous  solutions,  and 
lly,  sulphuric  acid,  to  which  potassium  bichromate  had  been 
ed,  and  hydrochloric  acid  containing  potassium  chlorate.  In 
ry  case  there  was  unmistakable  evidence  of  the  development 

1  permanent  electro-motive  force  due  to  the  influence  of  the 
Cnet.  The  smallest  effect,  '000008  volts,  was  observed  with 
ninals  in  concentrated  nitric  acid,  the  iron  being  passive — 

largest  effect  in  those  solutions  in  which  rapid  oxidization 
k  place.  In  a  solution  consisting  of  dilute  sulphuric  acid 
taming  potassium  bichromate,  the  electro-motive  force  of 
gnetization  amounted  to  039  volts.  In  the  same  acid,  the 
centrated  sulphuric  acid  of  commerce  diluted  with  ten  parts 
water,  without  the  addition  of  the  potassium  bichromate,  it 
a  only  *0005  volts.  Concentrated  hydrochloric  acid  (sp.  gr. 
768);  gave  '003  volts,  the  same  acid,  diluted  with  four  parts 
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of  water,  only  -00002.  When  potassium  chlorate  was  added  to 
the  dilute  acid,  the  effect  due  to  the  magnet  became  very 
marked,  amounting  certainly  to  several  hundredths  of  a  volt; 
but  the  fluctuations  in  the  initial  electro-motive  force  were  such 
as  to  make  readings  impossible.  In  nitric  acid  diluted  with 
nine  parts  of  water  the  effect  was  also  very  large,  but  it  was  so 
masked  by  the  initial  fluctuations  described  in  a  previous  para- 
graph, that  no  quantitative  determinations  were  secured.  The 
strength  of  field  during  these  experiments  was  about  10,000  H. 
In  the  hope  of  eliminating  these  fluctuations  in  the  initial 
electro  motive  force,  two  modifications  of  our  apparatus  were 
made.  In  the  first,  it  was  so  arranged  that  a  current  of  the 
fresh  solution  passed  through  both  arms  of  the  cell  and  the 
products  of  the  reaction  were  carried  away  from  the  neighbor- 
hood of  the  terminals  almost  as  soon  as  formed.  In  the  second 
modification,  terminals  were  prepared  the  surface  of  which  con- 
sisted of  pure  iron,  electrolyticallv  deposited  When  these 
repared  terminals  were  used,  the  fluctuations  were  somewhat 
ess  marked  than  when  the  original  surface  of  the  iron  wire  wag 
exposed,  but  the  adoption  of  trrese  two  modifications  led  to  nc 
new  results.  A  more  important  modification  consisted  in  thi 
substitution  of  platinum  or  copper  for  the  iron  terminal  outside 
of  the  field.  These  metals,  being  unaffected  by  the  magnet 
could  be  placed  in  close  proximity  to  the  magnetized  terminal 
the  internal  resistance  of  the  cell  was  thereby  greatly  dimin 
ished  and  its  form  simplified.  The  iron-copper  and  iron  plati 
nu in  cells  were  placed  between  the  poles  of  the  electro-magnet 
and  the  investigation  consisted  in  determining  the  electro-mo 
tive  force  before  and  after  the  magnet  had  been  made  active 
The  most  satisfactory  results  were  obtained  with  a  cell  pat 
terned  after  the  Daniell  battery — a  two-fluid  cell  in  whicl 
copper  immersed  in  sulphate  of  copper  was  separated  from  th< 
iron  pole  by  a  porous  diaphragm,  the  iron  being  submerged  in 
a  solution  of  ferrous  sulphate  or  of  ferrous  chloride.  A  cell  of 
this  description,  in  which  a  neutral  solution  of  ferrous  sulphate 
surrounded  the  iron,  and  which  possessed  an  initial  electro-mo- 
tive force  of  '0072  volts,  increased  to  *6361  volts  when  placed 
within  the  Held.  Similar  results  were  obtained  with  other  so- 
lutions. 

In  the  various  forms  of  apparatus  already  described  the  cur- 
rents due  to  magnetic  action  did  not  always  flow  in  the  same 
direction.  The  iron  terminal  within  the  field  would  some- 
times act  as  zinc  toward  the  unmagnetized  electrode,  sometimes 
as  platinum.  To  determine  the  law  governing  the  direction  of 
the  currents  due  to  the  electromotive  force  of  magnetization 
we  tried  the  following  experiments.  The  terminals  of  iron 
wire  used  in  our  original  apparatus  were  supplanted  by  cylin- 
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soft  Norway  iron  lcmf  long  and  4mm  in  diameter.  These 
laced  horizontally  in  the  solution  and  were  attached  to 
of  fcopper  wires.  The  wire  was  in  each  case  thoroughly 
d  from  the  liquid,  and  the  iron  bar  itself  was  protected 
ating  of  wax  with  the  exception  of  a  single  portion  of 
race,  which  to  the  extent  of  a  few  square  millimeters 
posed  to  the  action  of  the  liquid.  Under  these  condi- 
tio direction  of  the  electro-motive  force  developed  be- 
the  terminal  within  the  field  and  a  similar  one  outside 
md  to  depend  upon  the  portion  of  the  bar  exposed  and 
jition  of  the  latter  with  reference  to  the  lines'  of  force, 
ver  the  exposed  surface  was  in  the  neighborhood  of  an 
I  pole  within  the  soft  iron  electrode  it  became  in  its  re- 
to  iron  outside  of  the  field,  as  zinc  to  platinum.  When- 
i  the  contrary  the  exposed  surface  was  situated  in  a 
portion  of  the  bar,  it  became  as  platinum  in  its  rela- 
)  unmagnetized  iron.  When  platinum,  carbon  or  cop- 
as  substituted  for  the  unmagnetized  electrode  the 
motive  force  of  the  cell  thus  iormed  was  increased  by 
ization,  in  the  case  in  which  a  pole  of  the  iron  terminal 
posed  to  the  liquid  and  diminished  by  magnetization 
tie  surface  acted  upon  lay  in  the  middle  of  the  bar.  A 
I  of  direction  in  the  current  flowing  between  such  a  bar 
in  the  field,  one  end  of  the  bar  being  exposed  to  action, 
unmagnetized  iron  terminal,  could  be  produced  by  turn- 
)  former  in  the  field.  When  the  axis  of  the  bar  was 
to  the  lines  of  force  and  it  was  accordingly  magnetized 
dinally,  it  acted  as  a  zinc  pole,  the  current  flowing  from 
ace  through  the  cell  to  the  unmagnetized  electrode, 
turned  through  90°  upon  an  axis  perpendicular  to  the 
ning  the  poles  of  the  electro-magnet,  the  bar  became 
ized  transversely  and  the  direction  of  the  current  was 
d. 

een  bars  lying  with  their  axes  parallel  to  the  lines  of 
;he  end  oi  one  and  the  middle  of  the  other  of  which 
>osed,  the  effect  was  more  marked  than  between  either  of 
id  a  piece  of  unmagnetized  iron ;  the  bar  with  exposed 
ting  as  zinc,  that  exposed  in  the  middle  as  platinum, 
r  having  determined  the  conditions  which  govern  the 
n  of  the  current,  we  turned  our  attention  to  the  rela- 
ween  the  strength  of  the  magnetic  field  and  the  electro- 
force  which  it  is  capable  of  producing.  The  cell 
I  for  this  work  was  an  iron-platinum  element,  contain- 
>lution  of  potassium  bichromate  in  dilute  sulphuric  acid, 
liquid  the  electro-motive  force  of  magnetization  was  so 
that  when  the  cell  was  placed  between  the  pole  pieces 
electro-magnet  the  influence  of  the  residual  magnetism 
latter  upon  its  electro-motive  force  could  easily  be  de- 
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tected.  Measurements  were  made  in  fields  varying  in  intensity 
between  2000  H.,  and  20,000  H.  The  results  are  given  in  tie 
following  table.  They  show  the  manner  in  which  the  effect  in 
question  increases  with  the  strength  of  the  field. 

Table. 

Influence  of  the  Strength  of  Field  upon  the  EXectro -motive  Force 

of  Magnetization. 
Strength  of  field.  E.  M.  F.  in  volts. 

2000  H -0008  volts. 

3600 0045 

5040        -0208 

7770        -0386    • 

8400        -0424 

12750        -0487 

16300        -0510 

19700 -0680 

We  had  noticed  in  the  course  of  our  experiments  that  a 
layer  of  the  more  or  less  magnetic  solution  of  the  salts  of  iroo, 
produced  by  the  reaction,  always  gathered  around  the  induced 

Soles  of  the  electrode  within  the  field.  In  this  way  a  two- 
uid  battery  was  formed  between  the  iron  within  the  field  and 
that  outside,  whenever  the  surface  nearest  the  pole6  of  the 
magnetized  electrode  was  exposed.  The  terminal  within  the  j 
field  was  thus  surrounded  by  a  concentrated  solution  of  its 
own  salts,  and  was  in  a  measure  protected  against  the  direct 
attack  of  the  acid.  In  the  case  however  in  which  a  neutral  por- 
tion of  the  electrode  within  the  field  was  exposed,  the  products 
of  the  reaction  were  continually  withdrawn  by  magnetic  attrac- 
tion towards  the  pole-pieces,  and  the  surface  was  left  more 
open  to  attack  than  the  opposing  electrode  outside  of  the  field 
For  the  purpose  of  ascertaining  whether  this  arrangement 
of  the  solution  in  the  field  would  tend  to  produce  the  effects 
which  have  been  described,  measurements  were  made  of  a 
variety  of  batteries  in  which  iron  formed  one  electrode.  The 
results  were  such  as  to  make  it  evident  that  the  influence  of 
the  magnet  could,  in  part  at  least,  be  thus  explained.  An  iron- 
carbon  cell,  the  liquid  being  nitric  acid  diluted  with  one  part 
of  water,  was  found  to  have  an  E.  M.  F.  of  'SS  volts.  "When 
ihe  acid  w:is  placed  in  a  porous  cup,  containing  the  carbon  jxrfe, 
and  the  iron  was  submerged  in  weak  sulphuric  acid  (1:10). 
the  K.  M.  F.  rose  to  1*33  volts.  The  same  metals  in  dilute 
sulphuric*  acid  containing  potassium  bichromate  gave  J "05  volts 
which  was  increased  to  132  by  placing  the  carbon  and  bichro- 
mate -solution  in  a  porous  cup  and  the  iron  in  dilute  sulphuric 
acid.  A  cell  with  iron  and  platinum,  in  a  solution  consisting 
of  2U0Ctf  of  strong  hydrochloric  acid,  200"  of  water  and  20*" 
of  potassium  chlorate,  gave  1*17  volts.     When  converted  into 
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two-fluid  battery,  the  iron  submerged  in  weak  sulphuric  acid, 
he  platinum  in  the  above  solution,  the  E.  M.  F.  became  1*39 
olte.  .  When  the  iron  in  the  last  case  was  submerged  in  dilute 
ydrochloric  acid  the  result  was  nearly  the  same,  the  E.  M.  F. 
eing  1*41  volts.  In  sulphuric  acid  containing  potassium  per- 
langanate  the  same  metals  gave  1*44  volts,  which  rose  to  1*60 
olts  when  the  platinum  and  solution  were  placed  in  a  porous 
up  and  the  iron  was  dipped  in  sulphuric  acid  containing  no 
xidizing  agent.  Iron  ana  platinum  m  ferrous  chlorifle  showed 
nly  '74  volts,  but  a  two-fluid  battery  with  iron — dilute  hydro- 
hloric  acid — ferrous  chloride — platinum  gave  1*07. 

In  all  these  cells  the  electro-motive  force  obtained  by  the 
olntion  of  iron  with  ferric  reaction  was  smaller  than  when  a 
errous  reaction  occurred.  The  application  of  this  fact  in  the 
xplanation  of  the  electro-motive  force  of  magnetization  is  very 
aaoifest.  When  the  poles  of  an  electrode  within  the  magnetic 
ield  are  exposed  to  action,  the  gathering  of  the  salts  of  iron 
around  the  exposed  surface  tends  to  bring  about  a  change  from 
"erric  to  ferrous  reaction  and  to  increase  the  electromotive 
crce.  A  corresponding  decrease  follows  when  a  neutral  sur- 
ace  is  exposed  within  the  field.  The  extent  to  which  the 
electromotive  force  of  a  cell  in  which  a  ferric  reaction  is  tak- 
ng  place  may  be  reduced  by  briskly  stirring  the  solution  and 
txposing  the  surface  of  the  iron  to  the  fresn  acid,  thus  doing 
nechamcally  what  is  done  magnetically  when  the  reaction 
Kjcure,  at  a  neutral  surface,  within  the  field,  was  shown  by 
he  following  experiment.  A  one-fluid  cell,  consisting  of  iron 
md  platinum  in  nitric  acid  diluted  with  four  parts  of  water, 
lad  an  electro-motive  force  of  1*07  volts.  Stirring  reduced  it 
o  '95  volts.  When  left  undisturbed  it  immediately  regained 
te  former  intensity. 

The  electro-motive  force  developed  between  the  poles  of  one 
ron  electrode  placed  within  the  magnetic  field  and  the  neutral 
torts  of  a  similar  electrode  in  the  same  cell,  will  also  exist  be- 
ween  the  poles  and  intermediate  portions  of  a  single  piece  of 
Km.  Consequently  there  will  always  be  local  action  between 
lifferent  portions  of  the  surface  of  iron  exposed  to  chemical 
etion  witnin  the  field,  the  currents  passing  through  the  liquid 
t)m  the  regions  nearest  the  induced  poles. 

It  is  doubtless  to  this  local  voltaic  action,  which  has  its 
>Urce  in  the  electro-motive  force  of  magnetization,  that  the 
irious  phenomena,  described  in  our  papers  on  the  chemical 
Savior  of  iro?i  in  the  magnetic  field,*  and  on  the  destruction 
p  the  passivity  of  iron  by  magnetization^  are  to  be  ascribed. 

•This  Journal,  yoI.  xxxi,  p.  272.  f  Ibid.  vol.  xxxiv,  p.  419,  Dec,  1887. 
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Art.  XXV. — jVote*  on  certain  rare  Copper  Mineral*  from 
Utah  ;  bv  W.  F.  Hillebrand  and  H.  §.  Washington. 

[Read  before  the  Colorado  Scientific  Society.  Jan.  2d,  1888.] 

Some  time  since  analyses  and  partial  descriptions  of  several 
rare  copjn?r  minerals,  from  the  American  Eagle  Mine,  Tintic 
District,  Utah,  were  published  *  by  one  of  us.     These  minerals 
had  been  found  by  ^lr.  Richard  Pearce  in  ore  shipments  from 
that   mine  to  the  Boston  «fc  Colorado  Smelting  Works,  near 
Denver,  Colorado.     Later,  in  shipments  from  the  neighboring 
Mammoth  mine,  in  the  same  district,  Mr.  Pearce  discovered  a 
second  series  of   minerals  of  similar  character,   most  of  the 
species,  however,  being  distinct  from  those  of  the  former  oc- 
currence.    In  recent  papers  t  he  has  given  the  results  of  his   j 
examinations  and  enumerated  the  following  species:  enargite,  J 
olivenite,  conichalcite,  clinoclasite,  brochantite,  pharmacodder-  / 
ite,  tyroiite(0,  erinite,  chalcophyllite,  malachite,  azurite.  and  I 
one  or  two   others  of  doubtful  identity,  of   most  of  whicl  | 
"  enargite  is  the  mother  mineral." 

In  order  that  this  interesting  series,  in  part  new  to  America, 
might  receive  fuller  study  than  he  was  able  to  devote  to  it, 
Mr.  Pearce  with  the  assistance  of  Mr.  Whitman  Cross  kindly 
selected  a  set  of  specimens  for  examination  in  the  laboratory 
of  the  V.  S.  Geological  Survey  at  Washington.  The  chemical 
work  of  this  paper  was  there  carried  out  by  one  £  of  us,  while 
the  ervstallographical  and  optical  study  was  undertaken  bv  the 
other£  at  New  Haven  under  the  guidance  of  Prof.  £.  S. 
Dana.  The  results  of  our  work,  both  chemical  and  physical, 
failed  to  meet  all  the  hopes  induced  by  a  first  view  of  tie 
material  at  disposal,  although  this  was  the  best  that  could  he 
found.  They  are  of  sufficient  interest,  however,  to  make  pub- 
lic, especially  in  view  of  the  meager  state  of  our  knowledge 
regarding  a  majority  of  the  species  herein  mentioned. 

1.  Olivenite. 

This  mineral  occurs  well  crystallized  ;  its  habit  is  prismatic 
and  tabular  parallel  to  a  (100,  it)  and  the  crystals  are,  as  usual 
very  simple  as  shown  in  the  figure.  The  planes  b  (010,  »•*! 
and  •/«  (101,  /-7)  as  a  rule  are  either  absent  or  very  small.  Meas- 
urements were  made  for  the  purpose  of  obtaining  a  more  exact 
axial  ratio  than  we  have  at  present,  the  old  values  of  Phillip* 
dating  back  to  1823. 

*  Proc.  Colorado  Sci.  Soc.,  i,  112,  and  Bull.  U.  S.  Geol.  Survey,  No.  20,  p.  83. 

f  Proc.  Colorado  Sci.  Soc.,  ii,  134,  150. 

}  W.  F.  Hillebrand.  §  H.  S.  Washington.  |*>- 
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Fig..l. 


Upon  examination  and  measurement  with  a  Fuess  horizon  - 
I   goniometer  it  was   found   that  e^e'  (011>\0Il)  was  the 

only  angle  sufficiently  accurate  for  the 
purpose,  a  and  m  being  a  little  rough 
and  uneven.  The  angle  mentioned  fur- 
nished a  good  value  for  0,  but  to  obtain 
the  value  for  dy  use  had  to  be  made  of 
a  specimen  of  olivenite  from  the  Ameri- 
can Eagle  Mine  (No.  5684  in  the  Yale 
University  collection).  This  olivenite 
was  acicular  in  habit,  the  prism  m 
(110,i)  predominating.  From  these  crys- 
tals good  measurements  were  obtained 
of  m/\m'"  (110  a  110)  and  a  satisfactory 
axial  ratio  deduced.  The  measured  an- 
gles are  as  follows : 

e^Oll  a0I1=67°51' 
m  a  m"\  1 10  a  1 10  =  86°26' 

From  these  angles  we  obtain  the  following  .axial  ratio, — 

& :  b :  c  =  0-93961 :  1  :  0-672606 

The  measurements  above  differ  considerably  from  the  funda- 
aental  angles  of  Phillips,  which  are, 

c  a  c',  Oil  a  Oil  ss  69°10'  and  m  a  m'",  1 10  a  llO  =  87°30/ 

living  the  axial  ratio, 

&:  b:  c  =  0-9573:  1:0*6894 

Measurements  were  made  with  the  view  of  determining 
rhether  the  species  is  really  orthorhombic  or  not.  The  fol- 
)wing  are  the  angles  obtained — 


a  a. 
a 


aC,  100  a  011  =  89°4',  a' aC,  IOOaOH  =  89°59' 
a  ef%  100  a  Oil  as  89°9',  a'  a  c',  100  a  Oil  =  90°1' 


;  is  seen  that  the  front  angles  are  in  each  case  a  trifle  less  than 
le  rear  angles,  but  not  much  reliance  can  be  placed  on  these 
suits,  owing  to  the  poor  surface  of  both  a  (100)  and  a'  (100). 
Under  the  microscope  the  tabular  crystals  showed  parallel 

rtinction  and  a  slight  pleochroism,  the  vibrations   ||   c  being 

de  olive  green,  while  those    ||  b  were  of  a  brownish  yellow, 

ith  the  absorption  J>  c. 

The  mineral  was  not  analyzed  because  of  the  small  quantity 

uilable  and  because  its  identity  was  otherwise  clearly  estab- 

hed. 

2.  Ebinite. 

Erinite  occurs  as  a  dark  green  crystalline  lining  of  cavities, 
sociated  with  and  generally  upon  enargite,  azunte,  barite,  or 
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clinoclasite.  Crystals  of  olivenite  are  frequently  scattered 
over  its  surface,  which  shows  often  a  somewhat  6atiny  sheen 
due  to  minute  crystal  facets.  Hardness  4*5.  Sp.  gr.  unde- 
termined. Because  of  its  intimate  association  with  azarite  and 
olivenite  it  was  very  difficult  to  obtain  pure  material  for  analy- 
sis. Sample  I  contained  3*90  per  cent  of  insoluble  matter,  not 
included  in  the  analysis.  Sample  II  was  composed  of  a  small 
lot  of  vitreous  crusts,  the  only  ones  of  the  kind  observed,  which 
had  been  collected  before  shipment  of  the  specimens  and  were 
thought  to  be  erinite  by  Mr.  Pearce,  whose  partial  analyses 
of  material  similar  to  sample  I  are  added,  for  comparison,  under 
III. 


I.                  IL 

IIL 

• 

HlUebrand. 

a. 

Pearce. 

b. 

CuO 

5767*             5751 

56-56 

57  43 

ZnO 

106                 0  59 

W    W      •     . 

CaO 

0-32                 051 

0  43 

MgO 
As,06 

tr.                   tr. 
33-53               31-91 

32  07 

j 

32-54 

Pi06       . 
H,0 

010                 

7-22                 915 

V-86 

V-67 

FeaO, 

014                 0-20 

0-85 

Of    •     *     » 

SO, 

.   .. 

tr. 



10004  99-87  9677  9764 

Analyses  I  and  II,  and  presumably  those  of  Pearce,  show  the 
composition  of  air-dried  powder.  Sample  I  lost  067  per  cent 
H,0  over  sulphuric  acid  and  a  total  of  0*78  per  cent  at  100°  C. 
At  280°  C.  the  total  loss  was  114  per  cent,  leaving  608  per 
cent  firmly  combined.  Sample  II  lost  2*06  per  cent  over  sul- 
phuric acid  and  a  total  of  3*22  per  cent  at  2  80°  C,  leaving  5*93 
per  cent  firmly  combined.  The  molecular  ratios,  including  all 
the  water,  are : 


CuO  (CaO,  ZnO) 

AsaO»  (Pa06) 

H,0 

508                : 

100                   : 

2-74 

5-34                : 

100                   : 

3-66 

513                : 

100                   : 

287 

I. 
II. 

HI.  (mean) 

If  the  weakly  combined  water  be  excluded  from  both  I  and 
II  the  ratio  is  brought  considerably  nearer  to  that  derived  from 
Turner's  approximative  analysis,!  i.  e.,  5  : 1  : 2. 

It  is  uncertain  whether  Turner's  sample  was  air-dried  or 
heated  to  100°  C. 

3.  Tyrolite.  (?) 

Regarding  the  identity  of  this  species  some  doubt  exists,  as 
the  analytical  results  obtained  do  not  agree  with  those  given  by 

*  Mean  of  57*61  and  57*74. 

t  Edin.  Journ.  Sci.,  ix,  95,  1828.     Phil.  Mag.,  iv,  154,  1828. 
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on  Kobell *  and  Church  f.  In  general  appearance  it  seems  to 
eeerable  tyrolite.  It  occurs  in  thin  scales  on  quartz,  but  more 
{ten  in  radiating  scaly  masses,  somewhat  like  the  pyrophyllite 
10m  Graves  Mt.,  Ga.  It  has  a  bright  apple-green  color,  some- 
imes  with  a  tinge  of  blue ;  a  somewhat  pearly  luster ;  a  hard- 
iees  of  2*5  (1/5-2  for  tyrolite  in  the  text  books),  and  perfect 
lavage.  Under  the  microscope  it  showed  little  or  no  pleochro- 
ismand  extinction  parallel  and  perpendicular  to  the  radial  line. 
In  convergent  light  the  cleavage  flake  showed  the  ordinary 
biaxial  figure  with  the  dispersion  p  >  v.  Its  double  refraction 
is  negative,   the  acute  bisectrix  being  perpendicular  to  the 

cleavage  face,  and  coinciding  with  the  crystallographic  c.  The 
obtuse  bisectrix  lies  parallel  to  the  radial  direction  of  the  crys- 
tal, but  whether  it  corresponds  with  a  or  b  cannot  be  determined. 
It  was  unfortunate  that  a  crystallographic  investigation  was  im- 
possible, as  our  knowledge  of  tyrolite  in  this  respect  is  of  the 
most  meager  description. 

On  heating  it  flies  into  fine  fragments,  which  by  gentle 
tapping  of  the  tube  collect  into  spongy  masses.  The  mineral 
melts  in  the  flame  of  a  Bunsen  burner. 

The  Sp.  grav.  of  sample  I  (containing  2*25  per  cent  of  in 
soluble  gangue)  was  3*27  at  20£C.  From  sample  II,  which 
was  the  purest  and  best  crystallized  to  be  found,  1  25  per  cent 
of  gangue  has  been  deducted. 


I. 

Hlllebrand. 

II. 

III. 
Pearce. 

a. 

b. 

Mean. 

CoO 

4520 

45*23 

4522 

46-38 

42*60 

ZoO 

•  *    *  — 

004 

004 

tr 

0-97  (Fe,.0,AlaOs) 

CtO 

6*86 

6*82 

684 

6-69 

910 

*g0 

005 



0-05 

004 

As,0$ 

28-84 

2873 

28-78 

26  22 

2787 

P,0, 

tr. 

tr. 

tr. 

-  -  .  .             ^ 

H,0 

17-26 

17-26 

17-57 

HI-23 

30, 

? 

""?"" 

? 

2  27 

2  45 

98-21  98-19    '         99*17  992tf 

SO,  was  unfortunately  not  tested  for  in  I.  It  may  however 
■reasonably  be  assumed  to  be  present  in  about  the  same  amount 
«  in  II,  and  if  it  be  considered  to  be  present  as  gypsum 
CaS04,  2H,0)  the  following  molecular  ratios  are  obtained. 

CuO  (CaO)  A8a06  HaO 


• 

5  00 

0-94 

6-80 

or 

11     : 

2-07     : 

1496 

I. 

5  00 

0-84 

681 

or 

11     : 

1-85     : 

14-98 

11. 

500 

0-90 

6-29 

or 

11 

.     1-98     : 

13-84 

It  appears  herefrom  that  the  AsaO$  is  somewhat  less  and 
he  HaO  much  less  than  required  to  satisfy  the  formula  5CuO, 
^s,0$,  9HaO,  derived  from  von  Kobell's  (1.  c.)  analysis  on  the 

•Pogg.  Ann.,  xviii,  253.  f  Journ.  Chem.  Soc,  [2],  xi,  108. 
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supposition  that  the  CaCO,  found  by  him  and  later  by  Frenzel* 
and  Church  (1.  c.)  is  not  an  essential  constituent  of  tyrolite. 

It  is  improbable  that  more  than  a  very  small  quantity,  if  any. 
chalcophyllite  was  mixed  with  the  material  analyzed  under  I 
and  II,  although  both  appeared  on  some  of  the  specimens  marked 
tyrolite  received  from  Mr.  Pearce,  and  are  not  always  easy 
to  distinguish.  In  any  mixture  of  tyrolite  and  chalcophyllite 
the  water  found  must  exceed  its  percentage  in  the  former  min- 
eral. This  is  here  not  the  case,  whence  it  is  to  be  inferred 
either  that  the  present  mineral  is  not  tyrolite  or  that  the  older 
analyses  do  not  represent  its  true  composition. 

A  large  portion  of  the  water  is  very  loosely  combined  Of 
that  in  analvsis  I,  4 '09  per  cent  escaped  at  100°  C,  the  most  of 
it  over  sulphuric  acid ;  and  in  analvsis  II,  4*15  per  cent  was  re- 
moved by  sulphuric  acid,  and  further  0*91  per  cent  escaped  at 
100°  C,  making  a  total  of  5#06  per  cent.  These  amounts  sub- 
tracted from  the  total  percentage  found  leave  12*57  and  12*51 
per  cent  respectivelv,  or  about  five  molecules  (assuming  five 
molecules,  (CuO(CaO)).  At  280°  C.  the  loss  on  sample  fi  was 
10*34  per  cent,  in  which  is  presumably  included  the  water  of  the 
gypsum  supposed  to  be  present,  leaving  three  molecules  firmly 
combined.  Church  (1.  c)  likewise  noticed  a  great  loss  of  water 
in  vacuo  aud  at  100°  C,  but  assumed  that  it  was  hygroscopic 
water  included  between  the  plates  of  the  mineral.  I'he  second 
of  his  analyses  with  data  for  calculating  the  percentage  comjx>- 
8i t ion  is  as  follows : 

Substance 0*4585 

HaO  in  vacuo 0  024 

HaO  at  100 0011 

Ca003 00505 

I'uO . 0-2 12 

Mg2P2(). _  0*205  10000 

whence  lie  deduces  the  formula  50n(>,  As,(.\,  4H/).  Assum- 
ing that  Mg,P,()T  is  an  error  for  Mg,As,0T,  or  for  AslS„in 
which  latter  form  it  appears  that  arsenic  was  usually  estimated 
by  him  in  minerals  of  a  similar  character,  it  is  impossible  to 
deduce  the  above  given  percentage  for  As2()6.  But  considering 
the  latter  correct,  and  including  the  water  lost  in  vacuo  and  at 
100°,  the  composition  is: 

<'"0 -    46-24 

AflaOa 27*05 

HaO 1570 

<'"<:<):. 1101 


CuO 

5006 

As,c)a 

29-29 

H,0 

[<-73] 

OaCOa 

11-92 

10000 

which  furnishes  the  molecular  ratio  CuO  :  As,06 :  H,0  * 
5*00  : 1-01  :  7'43,  not  greatly  differing  from  those  derived  from 
analyses  I  and  II  above. 

*  Nnumann-Zirkel,  Element*  der  Mineralogie,  p.  540. 
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4.  Chalcophyllite. 

his  mineral  occurs  in  the  form  of  small  hexagonal  plates 
nged  in  rosettes,  differing  from  the  radial  arrangement  of 
supposed  tyrolite.  It  showed  the  same  bright  apple-green 
•r,  pearly  luster,  and  perfect  basal  cleavage.  An  optical 
ruination  proved  it  to  be  uniaxial  with  negative  double 
action. 

'hese  crystals  showed  several  planes  replacing  the  edges,  and- 
isurements  were  made  of  them   as  far  as  possible.     The 
;les  did  not  agree  very  closely  owing  to  the  imperfection  of 
2a  all  the  surfaces,  but  they  were  suffi- 

ciently exact  to  prove  the  presence  of 
r{\ Oil,  JR)9  ^(0112,  -%li\  and  two  other 
rhombohedrons,  new  to  the  species,  hav- 
ing the  symbols  w  (1016,  -Ji?),  and 
d  (0113,  -4lt).  The  figure  shows  the 
rit  of  the  crystals,  but  with  d  absent,  this  plane  being  only 
served  in  one  instance.  The  very  rough  angles  obtained  are 
en  below  : 

Observed.  Calculated. 

c*r,  0001^1011=71°  27'  71°  It/ 

c*w,  0001^1016=26°  10'  26°  10' 20" 

CvC,   0001^0112=56°  51'  55°  51' 10* 

c  ~  rf,'  0001  ~  0ll3=41°  50'  44°  30'  30" 

The  above  observed  angles  are  the  means  of  several  measure- 
nts  which  vary  among  themselves  from  one  to  three  degrees, 
e  fair  agreement  in  the  first  two  results  therefore  is  merely 
ddental,  and  no  value  can  be  attached  to  these  measurements, 
ich  are  inserted  because  the  measurements  of  this  species  are 
:remely  few. 

The  mineral  was  not  analyzed  for  want  of  sufficient  material. 
i  heating,  it  decrepitated  as  violently  as  the  last  mentioned 
neral,  and  in  the  flame  of  the  burner  fused,  though  not  with 
?  6ame  readiness. 

5.  Clinoclasite. 

Hie  clinoclasite  occurs  in  two  distinct  habits,  one  dis- 
ctly  crystallized  and  the  other  in  barrel  shaped  or  globular 
ms.  ft  is  of  a  dark  bluish  green  color,  almost  black  by  re- 
nted light,  bright  green  by  transmitted  light.  Streak  and 
vder  bluish  green.  Specific  gravity  at  196  C,  4*38.  (4  36 
irce.)     Hardness  2*5-3. 

kt  first  sight  these  crystals  seemed  to  be  very  promising  and 
sly  to  afford  good  fundamental  measurements  for  the 
Kjies.'  But  on  further  examination  they  did  not  come  up  to 
r  expectations,  c(001,  O)  and  $(302,  j-i)  being  the  only  two 
nes  giving  even   fairly  good   measurements,     m  (110,  /), 


304    Hittebrcmd  and  Washington — Minerals  from  Utah. 


r  (101,  -l-«),  t  (ill,  1)  and p  (il3,  J),  the  other  planes  observed, 
were*  all  dull  or  rounded,  and  only  capable  oi  giving  angles 
accurate  enough  to  identify  the  forma  Of  the  planes  above, 
t  and  p  are  new  to  the  species.  Most  of  the  crystals  were 
apparently  made  up  of  two  or  more  individuals  in  nearly  par 
allel  position  but  inclined  slightly  in  the  zone  c/b.  A  measure- 
ment in  one  case  gave  the  angle  4°  10',  but  as  it  is  not  the 
result  of  twinning,  this  angle  of  course  is  not  constant  and  only 
shows  the  very  slight  inclination  of  the  individual  crystals.  A 
consequence  of  this  method  of  growth  will  be  described  later. 
The  crystals  were  all  simple ;  fig.  3,  or  a  combination  of  that 
with  r,  being  the  most  usual.    Occasionally  the  lower  half  of  m 


3. 


5. 


is  replaced  by  /,  as  shown  in  fig.  5,  giving  the  angle  13°  20' 
(calculated  13*°  17')  for  m*t.  The  new  plane  ^(118)  was  ob- 
served in  several  crystals  and  is  shown  in  fig.  4.  The  follow- 
ing angles  were  obtained  for  it : 


Observed. 

Calculated. 

c*p,  001  *  113  =  61°     6' 

61°  26'  30 

**;».  :"i02~  In  =  50°  14' 

51°  19'  10 

i'~p:  In~  In =$2* 

85c  48' 

10-t 


The  angles  are  merely  approximate,  but  sufficient  to  establish 
the  form.  The  crystals  are  for  the  most  part  elongated  in  the 
direction  of  the  //  axis,  with  a  length  of  from  2 "to  Hmv\  and 
show  easy  cleavage  parallel  to  c. 

The  other  type  of  clinoclasite  is  interesting,  as  showing  the 

consequence  of  the  nearly  parallel  growth  of  the  crystals  men- 

tioned    above.       In    some   of   the  specimens  the   crystals  are 

grouped  about  the  h  axis,  with  c  exposed.     They  are  inclined  a 

tritle  in  the  zone  rh  and  also  in  the  zone  a  b%  thus  rounding"!? 

the  group  in  two  directions,  but  decidedly  more  in  the  latter 

zone,  forming,  with  the  elongation  in  the'  direction  of  />.  di- 

tinetly  barrel  shaned  forms.     Occasionally  the  curvature  in  the 

/one  i-  h  is  curried  >till  further,  producing  globular  forms.    In 

all  cases  c  forms  the  outer  surface  and  the  crystals  are  closely 

crowded  together,  producing  a  bright  and  coarsely  rough  sur- 
face. 

The  material  analyzed  consisted  of  the  globular  masses  men- 
tioned above,  and  was  probably  not  as  pure  as  the  crystals  and 
barrel  shaped   forms.     A  trifling  amount   of  insoluble  matter 
00o    rvr   cenO    has   Iven    deducted.       For   comparison    Mr. 
•aivo  s  partial  analyses  are  also  quoted. 
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I.  II.  Theoretical 

Hlllebrand.  Pearce.  Compo- 

o.  b.  Mean.  a.  b.  sltion. 

CuO 6234  62*54  62'44  61*68         61*22         6266 

ZnO 0-06  0-04  006          

A8,0, 29-69  29-60  29*69  2936         28*86         30*26 

P,0» 005  005#  005          .• 

H,0 7-73  7-72  7*72  7*31           7*27           710 

Fe,0, 012  0*12  012          

SiO, 006  006*  006          

99*95       10013       100-03         98*35         97*34      100*00 

• 

These  results  reveal  nothing  worthy  of  remark  except  that 
i  water,  as  in  most  earlier  analyses,  is  found  uniformly  higher 
n  that  required  by  the  formula  6CuO,  AssO$,  311,0,  or 

j;AsOJf+80u[OH]t. 

6.  Mixite.  (?) 

)n  some  specimens  of  ore,  but  apparently  not  in  close  asso- 
tion  with  the  other  minerals  mentioned,  was  a  mineral 
urring  in  delicate  tufts  of  silky  needles  of  a  whitish  to  pale 
tnish  color  as  described  by  Mr.  Pearce  (1.  c,  p.  151,  under 
title  uNew  Mineral").  It  was  impossible  to  procure 
►ugh  of  the  needles  free  from  an  underlying  non-crystallized 
enish  coating  of  cavities  for  a  satisfactory  analysis.  A  good 
1  of  the  latter  was  necessarily,  included  in  the  sample  tested, 
;  qualitative  tests  showed  that  both  needles  and  coatings 
itained  the  same  constituents.  It  is  hardly  to  be  doubted 
t  both  have  the  same  centesimal  composition. 

I. 

Hillebrand.  II. 

a  b  Mean.  Pearce. 

CuO 43-89  43-88  43'89  6050 

ZqO 2-79  2-62  2*70              

CaO. 0-26  0-26  0-26  319 

Bi,08 11*14  11*22  11-18               

As-09 27*78  2879  28*79f  27-50 

PaO» 0-06                0-06 

HaO 1104  1104  1104  12.55 

SiOa 0-36  048  0*42               

Fe,0, 0-97              0-97              

98-29  9931  93*74 

That  an  error  as  to  the  CuO  occurs  in  Pearce's  analysis  is 
rond  question.  The  above  results  agree  fairly  well  with 
iraufs  analysis  of  mixite,:]:  which  contained  43*21  CuO, 
07  Bi9Of,  3045  As,06,  and  11-07  H,0,  besides  a  little  CaO 
1  FeO,  but  the  form  of  this  mineral  as  given  by  Schrauf  dif- 
s  from  that  of  the  present  one,  and  its  color  is  given  as 

*  Assumed  the  same  as  in  a. 

t  The  higher  value  was  undoubtedly  nearer  the  truth  than  the  lower. 

tZeit.  f.  Kryat.,  iv,277. 
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emerald  to  bluish  green.  SchrauFs  -number  for  the  sp.  grav 
(2*66)  is  unquestionably  much  too  low.  That  of  the  material 
now  analyzed  was  3*79  at  23£°  C.  When  treated  with  dilute 
nitric  acid  it  becomes  at  once  covered  with  the  brilliant  white 
coating  of  bismuth  arseniate  so  characteristic  of  mixite.  The 
latter  mineral  is  stated  to  belong  to  the  monoclinic  or  the  tri- 
clinic  system,  while  the  observations  of  Mr.  Whitman  Cross 
would  indicate  that  the  present  one  can  belong  to  neither  of 
those  systems.  He  says  :*  u  The  needles  are  very  slender,  with 
a  length  of  more  than  l™"1  in  some  cases,  by  0,5mm.  They  are 
deeply  striated  vertically,  and  the  crystal  system  could  not  be 
determined,  although  the  extinction  in  polarized  light  makes 
reference  to  the  tetragonal,  the  hexagonal,  or  the  rhombic  sys- 
tem necessary.  The  index  of  refraction  is  high.  Pleochroism 
distinct,  the  colors  observed  being  for  the  thicker  crystals,  a 
(and  b)  sea  green,  c  sky  blue." 

7.  Pharmacosidekite. 
No  analyses  were  made  for  want  of  sufficient  material. 

8.  Brochantite. 

This  hydrous  sulphate  of  copper  occurs  in  two  distinct  types 
in  the  specimens  examined.  The  first,  or  ordinary  brochantite, 
is  of  a  prismatic  habit  as  is  shown  in  tig  6.  The  crystals  are 
dark  green  and  transparent,  but  do  not  give  good  measure- 
ments, owing  to  the  imperfection  of  the  surface.  The  cleavage 
parallel  to  b  (010,  i-1)  is  perfect.  The  measured  angle  of 
m^b,  HOaOIO  =  51°  40',  is  only  approximate,  and  differs  eon- 


i. 


8. 


siderably  from  Miller,  who  gives  52°  5',    and    Scbrauf,    who 
gives  52°. 

*  Proc.  Colorado  Sci.  Soc.  ii,  153. 
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The  second  type  is  like  warringtonite  from  Cornwall,  de- 
scribed by  Maskelyne.*  This  variety  was  suspected  by  Mr. 
Pearce  (loc.  cit,  p.  185).  It  is  of  a  light  green  color  and  has  a 
curved  double  wedge-shaped  habit.  The  forms  observed  are 
shown  in  figs.  7  and  8.  The  crystals  were  poor  for  meas- 
uring, all  the  planes,  with  the  exception  of  i,  being  curved  to  a 
great  degree.  The  crystals  were  none  of  them  more  than  2  or 
3mm  long,  with  the  relative  proportions  of  the  figures.  They 
were  implanted  by  b  ;  m,  in  fig.  7,  was  identified  with  cer 
tainty,  tne  angle  for  b^m  being  52°  approximately.  The 
plane  lettered  %  was  very  much  curved  in  all  cases  and  its  sym- 
bol, consequently,  is  not  known  with  exactness.  It  corresponds 
1H  its  angles  very  roughly,  it  is  true,  to  the  &,  12 . 1  . 4,  of 
Schrauf ;  some  of  the  angles  obtained  from  these  crystals  and 
the  corresponding  ones  of  Schrauf's  wrarringtonite  being  given 
b«ere: 

b  „*,  010a  12. 1.4  = 
m*J^  110*.  12.1.4  = 
k  a  fc',  12.  1.4:  12.1.4= 

In  most  of  the  crystals  of  this  type  b  was  undulating  parallel 
i 
to  c. 

Want  of  material  forbade  an  analysis  of  this  mineral,  but 

blowpipe  tests  and  the  crystallographic  examination  establish 

its  identity  beyond  doubt. 


Washington. 

Schrauf 

80°-82° 

86°  43' 

45° 

43°  11' 

75°-80° 

Art.  XXVI. — The  Taconic  System  of  Emmons,  and  the  use  of 
the  name  Taconic  in  Geologic  nomenclature :  by  Chas.  l5. 
Walcott,  of  the  U.  S.  Geological  Survey.     With  Plate  III. 

(Continued  from  page  242.) 
Geology    op  the  Taconic  Area  as  known  to  Dr.    Emmons. 

(1).  The  strata  referred  to  the  "  Taconic  System  ;"  (2).  The 
stratigraphic  position  of  the  "  Taconic  System." 

Dr.  Emmons  began  the  study  of  the  Taconic  area  in  Berk- 
shire County,  Mass.,  and  from  there  extended  his  investiga- 
tions, to  the  north,  into  Bennington  County,  Vt.,  and  to  the  west, 
into  Washington  and  Rensselaer  counties,  N.  Y.f     In  1842,$ 

*  Ch.  News,  x,  263,  1864.     Phil.  Mag.,  IV,  xxix,  475. 

f  "  My  first  business  is  to  sketch  a  picture  of  the  oldest  of  the  sediments,  as 
they  are  exhibited  in  a  series  which  collectively  constitute  the  Taconic  System 
and  as  it  is  developed  in  the  Taconic  ranges  of  BerkHhire  and  the  adjacent 
country  immediately  north  and  south."    (Am.  Geol.,  pt.  2,  p.  5,  1856). 

%  GeoL  N.  Y.,  pt.  2,  p.  144,  1842. 
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he  proposed  the  Taconic  System,  with  the  statement  that  it 
was  composed  of  five  different  rocks,  as  follows: 

"  1.  A  coarse  granular  limestone  of  various  colors  which  I 
have  denominated  Stockbridge  limestone"  etc. 

u  2.  Granular  quartz  rock,  generally  fine-grained,  in  firm, 
tough,  crystalline  masses  of  a  brown  color,  but  sometimes  white, 
granular  and  friable." 

"  3.  Slate,  which  for  distinction  I  have  denominated  Magnman 
slate"  etc. 

"  4.  Sparry  limestone,  generally  known  as  the  sparry  lime- 
rock." 

"  5.  A  slate,  which  I  have  named  Taconic  Slate,  and  which  is 
found  at  the  western  base  of  the  Taconic  range.  It  lies  adjacent 
to  the  Lorraine  or  Hudson  River  shales,  some  varieties  of  which 
it  resembles,"  etc. 

A  section  is  given  on  page  145,  fig.  46,  to  show  that  the 
u  Taconic  System  "  embraced  all  the  strata  between  the  gneiss 
on  the  east  and  the  "  shales  of  the  Champlain  group "  on  the 
west.  The  latter  are  represented  as  unconformably  superja- 
cent to  the  "  Taconic  slate." 

His  second  memoir  appeared  in  1844*  as  a  pamphlet,  pub- 
lished in  advance  of  vol.  i,  of  the  Agriculture  of  New  York, 
in  which,  in  1847,  the  subject  matter  was  reprinted  without 
change.  The  changes  from  the  stratigraphic  scheme  of  1842 
consist  in  placing  the  granular  quartz  at  the  base  of  the 
system,  with  the  Stockbridge  limestone  conformably  resting 
upon  it.  A  theoretical  sectionf  is  given  to  show  the  rela- 
tion of  the  various  formations.  The  crystalline  gneiss  is  rep- 
resented with  (1),  the  Granular  Quartz  or  brown  sandstone 
resting  upon  it ;  then,  in  turn  (2),  the  Stockbridge  limestone; 
(3),  Magnesian  slate ;  (4),  Sparry  limestone ;  (5),  Roofing 
slate  ;  (6),  coarse  brecciated  bed  ;  (7),  Taconic  slate,  and  (S), 
Black  slate.  On  the  following  page,  the  section  shown  by 
fig.  7  represents  these  beds  as  all  having  a  high  and  uni- 
form dip  to  the  eastward,:):  and  with  the  Hudson  river 
shales  (9),  unconformably  superjacent  to  the  Taconic  slate  (8). 

When  speaking  of  the  lithologic  characters  of  the  system, 
Dr.  Emmons  says :  "  Taking  one  broad  view  of  the  whole  sys- 
tem, it  mav  be  described  as  consisting  of  fine  and  coarse  slates, 

*  Agric.  N.  Y.,  vol.  i.  pp.  45.112,  1S47.  Tho  pamphlet,  of  1844  is  very  rare, 
as  few  copies  were  issued,  and  I  shall  make  all  references  to  its  contents  as  re- 
printed in  tho  volume  of  1 8-47,  combining  tho  dates  as  1844-'47. 

f  Loc.  cit..  p.  62,  tig.  6. 

\  This  is  corrected  for  the  "  Lower  Taconic  "  rocks  in  the  Section  published 
in  1856  (Am.  Ueol.,  vol.  i.  pt.  2,  p.  19).  but  all  the  strata  of  the  u  Upper  Taconic" 
are  considered  superior  to  the  Stockbridge  limestone. 
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ith  subordinate  beds  of  chert,  fine  and  coarse  limestone,  and 
ray,  broWn  and  white  sandstone.* 

The  geological  map,  prepared  to  accompany  the  memoir  of 
344-'47,  bears  the  date  of  1844  and  is  a  reprint  of  the  Geo- 
►gical  Map  of  New  York,  issued  in  1842,  with  additional  data 
q  the  geology  east  of  the  Hudson  and  Champlain  valleys. 
he  long,  narrow  range  of  the  u  Taconic  System  "  is  colored 
rab  in  its  extension  from  Canada  to  Westchester  County, 
r.  Y.  There  is  no  reference  to  the  "  Taconic  System  "  in  the 
jgend  on  the  map,  and  the  formations  composing  it  are  not 
istinguished  by  different  colors,  the  reason  for  which  is  ex- 
lained  in  the  description  of  the  map,  published  on  page  361 
f  the  Agriculture  of  New  York,  vol  i,  1847.  t 

In  18564  Dr.  Emmons  divided  the  "  Taconic  System  "  into 
n  tipper  and  a  lower  division:  the  upper. division  taking  the 
urinations  4  to  8  of  the  section  of  1844-'47,  and  the  lower 
ivision  the  formations  1  to  3  ;  an  arrangement  that  was  re- 
eated  in  1859  (Manual  of  Geology),  when  the  name  u  Mag- 
esian  slate"  was  replaced  by  that  of  "  Talcose  slate."  In  the 
iagram,  fig.  10,  the  formations  are  represented  in  the  order 
f  succession  given  in  1856  ;  and,  on  the  map,  the  geographic 
rea  is  given  within  which  the  typical  localities  of  the  various 
ormations  occur  and  also  the  extension  of  the  latter  to  the 
orth  and  south.  This  is  the  stratigraphic  scheme  of  the  "  Ta- 
onic  System  "  as  arranged  by  its  author  from  the  results  of 
is  latest  field  observations^  , 

a  ChantUar  Quartz"  (Terrane  No.  1,  of  section  on  side  of       ' 
aap  and  fig.  10). — Dr.  Emmons  calls  the  "  Granular  Quartz  "       j 
he  basal  member  of  the  u  Taconic  System,"  and,  in  his  opin-      J 
on,  the  base  of  the  Paleozoic  sediments  on  the  North  Ameri- 
an  continent.     He  describes  its  occurrence  in   Vermont  and 
ollows  it,  with    interruptions,  across  Massachusetts  into  the 
LOrtheastern  part  of  Dutchess  County,  N.  Y.,  and  also  south 
nto  Putnam   and  Westchester  counties.  |      The  stratigraphic 

*  Loc.  cit.,  p.  61. 

f  The  copy  I  have  of  this  map  was  purchased  by  me  from  a  second-hand  book 
ealer,  in  1876.  I  have  reason  to  state  that  3000  copies  were  originally  delivered 
3  the  Secretary  of  State,  of  the  State  of  New  York,  by  the  printers,  and  I  think 
lat  copies  can  still  be  obtained  from  the  said  Secretary's  office,  despite  the  pub- 
shed  statement  that  the  edition  was  stolen  or  destroyed.  (See  letter  of  Dr. 
Immons  to  Prof.  Jules  Marcou:  Am.  Acad.  Arts  and  Sci.,  vol.  xii,  p.  188,  1885, 
Uo  copied  by  Dr.  Hunt,  Am.  NTatM  vol.  xxi,  p.  122.  foot  note  3,  1887). 

J  The  first  port  of  this  volume  is  dated  1855.  The  second  part,  containing  the 
ascription  of  the  •*  Taconic  System,"  was  issued  in  1856. 

§  I  shaU  not  comment  on  the  so-called  Taconic  rocks,  as*  identified  by  Dr. 
Immons  in  Canada,  Maine,  Rhode  Island,  Michigan,  and  the  southern  Appala- 
hian  region.  All  those  determinations  rested  on  lithologic  characters ;  and  the 
trata  referred  by  him  to  the  "  Taconic  System  "  rauge  from  pre-Cambrian  to  the 
riagara  of  the  Silurian. 

|  Agric.  N.  Y.,  vol.  i,  p.  86,  1847. 
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position  was  determined  liy  its  relation  to  the  crystalline  rocks 
beneath  and  the  superjacent  strata,  as  no  fossits  were  known 
liv  liiiu  from  the  formation.  A  talcose  conglomerate  that  is 
treated  as  a  subordinate  inenibcr  of  the  "  Granular  Quartz  >•?■ 
ncs1'  is  described  as  occurring  between  the  quartziti*  and 
1'rimarv,  in  several  localities. 
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Taleose  Slates  (Terr.  No.  4  of  Section  and  fig.  10).  — 
These  slates,  which  are  called  "Magnesian  slates "  in  the  re- 
ports of  J  842-'44-'47,  were  given  the  name  "  Taleose  slates  " 
m  1856.  A  thickness  of  2000  feet  is  assigned  to  them  on  the 
Taconic  range  and  they  are  represented  as  conformably  super- 
imposed upon  the  Stockbridge  limestone. 

"Upper  Taconic" — In  the  scheme  published  in  1844-'47 
the  Magnesian  slate  is  succeeded  by  the  Sparry  limestone, 
Roofing  slate,  a  coarse  brecciated  bed,  Taconic  slate,  and  Black 
slate,  and  on  p.  13,  Am.  Geol.,  pt.  2,  1856,  this  succession  is 
recognized.  On  page  49  (loc.  cit.),  however,  the  entire  scheme 
is  cEanged ;  the  Black  slate  is  placed  at  the  bottom  of  the 
series  and  then,  in  succession,  siliceous  slates :  slates  and  sand- 
stones, with  thin-bedded  blue  limestones  succeeded  by  thicker 
beds  of  sandstone ;  blue,  green,  purple  and  red  roofing  slates, 
coarse  sandstone  and  shale  passing  into  conglomerates  and  brec- 
ciated conglomerates.  "  The  latter  terminate  the  series  east- 
ward, and  geographically  near  the  Hoosick  roofing  slates.  In 
the  foregoing  l)rief  enumeration  in  the  ascending  order,  the 
rocks  follow  each  other  in  a  conformable  position,  and  begin- 
ning with  the  thin  black  slates,  end  in  thick  bedded  sandstones 
md  conglomerates,"  (loc.  cit.,  p.  50). 

In  this  re-definition  of  the  u  Upper  Taconic,"  the  Sparry 
imestone  is  no  longer  considered  as  belonging  to  it,  and  I  have 
ailed  to  find  it  mentioned  subsequently  as  a  distinct  formation 
>f  the  u  Upper  Taconic."  The  sparry  limestone  spoken  of  in 
iescribing  tne  "  Upper  Taconic  "  section  crossing  Washington 
bounty,  refers  to  the  thin  interbedded  sparry  limestones,  in 
vhich  I  have  found  Olenellus  and  other  Middle  Cambrian  fos- 
ils.  The  sparry  limestones  west  of  Hoosick  Falls  are  referred 
o  the  Lower  Silurian  and  removed  entirely  from  the  "  Taconic 
System." 

As  is  shown  by  Professor  Dana,  Dr.  Emmons,  in  1842,  called 
;he  Sparry  limestone  the  oldest  of  the  Taconic  limestones,  and, 
in  1844,  he  placed  it  beneath  the  Taconic  slate  and  above  the 
Stockbridge  limestone.*  In  1856,  f  however,  a  section  was 
published  showing  the  Taconic  Range  by  C  and,  at  its  western 
>ase,  the  limestone  (2)  is  identified  with  the  Stockbridge  lime- 
jtone  (2),  of  B  (Graylock  Peak).  What  Dr.  Emmons  intended 
3y  this,  and  why  he  did  not  mention  the  change  in  the  text,  is 
lot  explained  by  him.  Professor  Dana  called  my  attention  to 
t  by  letter,  and  says- that  he  accepts  the  evident  meaning  given 
>y  the  section,  which  is,  that  Dr.  Emmons  identified  the  Sparry 
aid  Stockbridge  limestones  as  one  formation.  With  our  pres- 
ent knowledge,  this  explanation  is  the  only  one  open  to  us. 

•  This  Journal,  III,  vol.  ixxiii,  pp.  415,  416,  1887. 
f  Am.  Geol.,  vol.  i,  pt  11,  p.  19,  fig.  2. 
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In  1859  the  section  is  republished,*  but  the  numbers  are 
omitted  from  all  the  formations  except  those  of  Gray  lock  Peak 
Whether  the  omission  was  by  design  or  accident  is  unknown. 

In  the  black  slates,  at  the  summit  of  the  "  Taconic  System"  of 
1844t-'47  and  at  the  base  of  the  "  Upper  Taconic "  of  1856, 
Dr.  Asa  Fitch  found  a  few  fossils  which  he  gave  to  Dr.  Em- 
mons, who  described  two  species  in  the  memoir  of  1844-,47, 
under  the  names  of  Elliptocephala  asaphoides  and  Atops  ttri- 
lineattis.  In  1859  Dr.  Emmons  compared  these  fossils  with  the 
Primordial  fauna  of  Barraude,  and  established  their  position  in 
the  stratigraphic  series  on  paleontologic  evidence,  f  Their  ref- 
erence to  a  pre-Potsdam  horizon,  in  1844-'47  and  1856,  was  on 
the  supposed  stratigraphic  position  of  the  beds  in  which  they 
occurred. 

Resume. — It  is  not  necessary  to  repeat  the  full  and  accurate 
lithologic  descriptions  of  the  live  terranes  (fig.  10)  mentioned 
by  Dr.  Emmons  in  1844— '47  and  1856.  They  are  grouped  in 
fig.  10  to  represent  his  view  of  their  succession  within  the 
"  Taconic  System." 

2.  Stratigraphic  position  of  the  "  Taconic  System" — Dr. 
Emmons  founded  the  "  Taconic  System  "  under  the  belief  that 
it  was  composed  of  older  formations  than  those  of  the  New 
York  Lower  Silurian,  the  base  of  which  was  then  the  well- 
known  Potsdam  sandstone.  In  the  memoir  of  1842,  he  says: 
"  But  I  have,  at  the  head  of  this  section,  asserted  that  the 
slates  and  masses  of  the  Taconic  System  are  not  related  to,  or 
connected  with  those  of  the  Ohamplain  group.  By  this  I  mean 
that  they  are  not  the  same  rocks  in  another  condition."  \ 
Again  he  says  :  "  They  are  to  be  considered,  however,  as  fur- 
nishing us  with  a  knowledge  of  that  state  which  immediately 
preceded  the  existence  of  organic  beings."  §  After  further  field 
study  his  views  became  more  positive  in  regard  to  the  relation 
of  the  Taconic  to  the  Lower  Silurian  rocks.  He  says  :  "  I  shall 
take  the  broad  and  distinct  ground  that  the  Taconic  System  oc- 
cupies a  position  inferior  to  the  Champlain  division  of  the 
New  York  system,  or  the  Lower  division  of  the  Silurian  system 
of  Mr.  Murchison."  || 

u  1.  Position. — It  rests  unconformably  upon  primary  schists, 
and  passes  beneath  the  New  York  system,  the  oldest  and  infe- 
rior members  of  the  latter  being  superimposed  unconformable 
upon  the  Taconic  slate."^[  These  views  were  sustained  in  his 
publications  of  1856,  1859  and  1860. 

On  the  section,  accompanying  the  memoir  of  1844-'47,  pi. 
18,  Section  I,  the  strata  of  the  u  Taconic  System  "  all  dip  con- 

*  Manual  of  Geology,  p.  85,  fig.  60.  f  Manual  of  Geology,  p.  87,  1859. 

JGeol.  X.  Y.,pt.  2,  p.  138,  1842.  §  Loc.  cit.,  p.  164. 

f  Agric   N.  Y.,  vol.  i,  p.  65,  1847.  \  Loc.  cit.,  p.  108. 
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forraably  to  the  eastward.  On  the  east  they  rest  unconforma- 
bly  on  the  primary  and,  on  the  west,  the  Calciferous  and  Hud- 
son terranes  are  represented  as  unconformable  superjacent  to 
the  Taconic  slates.  Dr.  Emmons  savs :  "  This  section  may 
be  regarded  as  one  of  the  best  for  exhibiting  and  proving  the 
entire  independence  of  the  Taconic  System  from  the  Primary 
below  and  the  New  York  system  above."  * 

Two  sections  published  in  1859  f  may  be  taken  as  express- 
ing his  latest  views  of  the  relations  of  the  different  parts 
of  the  "  Taconic  System,"  in  its  typical  area,  with  the 
exception  of  the  " Upper  Taconic"  and  the  Lower  Silurian 
(Ordovician),  on  the  western  side.  In  these  sections,  the 
"  Lower  Taconic "  forms  a  synclinal  with  the  *'  Granular 
Quartz  "  at  the  base  and  then  the  Stockbridge  limestone  and 
Talcose  slates,  respectively  superjacent,  the  "  Upper  Taconic  " 
being  entirely  disconnected  from  the  latter.  He  held  the  view, 
from  the  first,  that  the  eastward  dip  of  the  greater  part  of 
the  strata  of  the  u  Taconic  System  "  resulted  from  successive 
uplifts,  "  which,  in  consequence  of  the  confined  position  of  the 
rocks,  have  often  produced  local  foldings  and  plications  of  the 
strata."  \  His  view  of  the  extent  and  cnaracter  of  the^  uplifts 
was  subsequently  changed,  as  is  shown  by  his  representation  of 
the  position  of  the  sparry  limestone  in  1842,§  1844§  and  1855. 

In  the  memoir  of  1856  several  sections  were  illustrated  and 
described  to  show  the  unconformity  between  the  Taconic  slate 
and  the  Calciferous  sandrock,  and  thus  establish  the  inferior 
position  of  the  "  Taconic  System  "  to  the  Lower  Silurian  (Or- 
dovician) strata  These  sections  will  be  spoken  of  again,  under 
the  head  of  "  Discussion  and  Comparison." 

Dr.  Emmons  correlated  the  u  Taconic  System"  with  the 
Cambrian  system  of  Sedgwick,  in  his  first  memoir  of  1 842,  in 
he  following  words :  ||  "  The  Taconic  rocks  appear  to  be  equiv- 
ilent  to  the  Lower  Cambrian  of  Prof.  Sedgwick,  and  are  alone 
entitled  to  the  consideration  of  belonging  to  this  system,  the 
ipper  portion  [of  the  Cambrian — C.  I).  W.]  being  the  lower 
>art  of  the  Silurian  System."  T 

Again,  in  the  memoir  of  1844— '47,  he  says,  when  speaking 
>f  the  proposed  abandonment  of  the  Cambrian  System  by  Eng- 
ish^geologists :"....  were   it   not   for   a   single   fact,  the 

•  Loc.  cit..  p.  366. 

f  Manual  of  Geology,  p.  85,  figs.  58  and  60. 

%  Geol.  X.  Y.,  pt.  2,  p.  142,  1842. 

£  See  Professor  Dana,  this  Journal,  3d  Ser.,  vol.  xuiii,  p.  415. 

|  Geol.  N.  Y.,  pt.  1,  p.  163,  1842. 

•fDr.  T.  8.  Hunt  (Am.  Nat.,  vol.xxi,  p.  124,  1887)  interprets  this  passage  to 
irove  that  Dr.  Emmons  in  1 842  correlated  the  upper  portion  of  the  Taconic  with 
he  Lower  Silurian  of  Murchisou,  but,  as  I  read  it,  Dr.  Emmons  refers  the  Upper 
'ambrian,  not  his  Taconic,  to  the  Lower  Silurian. 

Am.  Jora.  Set.— Third  Series,  Vol.  XXXV,  No.  208.— April,  1888. 
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writer  would  freely  acquiesce  in  the  decision,  so  far  aBthe 
British  rocks  are  concerned.  This  fact  is  found  in  the  exist- 
ence of  peculiar  fossils  on  both  sides  of  the  Atlantic,  which, 
so  far  as  discoveries  have  been  made,  are  confined  to  the  slates 
of  the  Cambrian  and  Taconic  systems ;  and  now  the  great  ob- 
ject of  the  writer  is  to  show  that  the  above  question  has  not 
been  settled  right,  or  according  to  the  facts ;  or,  in  other  words 
that  the  Taconic  rocks  are  not  the  Hudson  River  slates  and 
shales  in  an  altered  state,  or  that  all  the  Cambrian  rocks  are 
not  Lower  Silurian."  * 

In  the  following  pages  observations  and  deductions  there- 
from are  given  to  support  the  above  statement  in  relation  to 
the  "  Taconic  System,  but  nothing  further  is  said  of  the  fos- 
sils from  the  Cambrian  system,  and  I  am  at  a  loss  to  know  to 
what  species  the  author  referred.  Reference  is  made  to  the 
Cambrian  sections  of  Sedgwick,  in  1856,  to  show  that  although 
the  Cambrian  slates  are  conformably  beneath  the  Coniston 
limestone  bearing  Lower  Silurian  fossils,  and  hence  may  be  re- 
ferred to  the  Silurian,  the  Taconic  rocks  are  unconformablv 
beneath  the  equivalent  Calciferous  sandrock  of  the  New  York 
series  and  cannot  be  included  with  the  Lower  Silurian,  f 

Among  the  letters  of  Dr.  Emmons,  published  by  Prof.  Jules 
Marcou4  is  one,  dated  November  19,  1860,  in  which  he  says:§ 

"  ....  I  do  not  think  him  [referring  to  Barrande]  right  in 
maintaining  that  his  Primordial  group  is  a  part  or  parcel  of 
the  Silurian :  .  .  .  .  the  Lower  Silurian  is  strictly  unconform- 
able to  every  part  of  my  Taconic  series,  and  this  series  is 
....  separate  and  distinct  from  Silurian." 

On  the  same  page,  in  a  letter  dated  November  20th,  I860, 
lie  says :  u  On  reading  his  [Barrande's]  papers,  I  found  that, 
after  all,  his  Primordial  group  is  only  Lower  Silurian.  I  con 
ceive  we  have  exactly  his  Primordial  group  in  the  band  of 
slates  containing  the  Paradoxides.  But  this  band  is  only  a 
very  narrow  belt  of  beds." 

In  a  letter  dated  December  28th,  or  29th,j  he  says,  when 
speaking  of  the  announcement  of  the  Huronian  System  by 
Logan  :  u  I  claimed  that  the  Huronian  was  the  Taconic  Sys- 
tem .  .  .  Are  you  aware  that  most,  if  not  all,  of  those  beauti- 
ful graptolites  Mr.  Hall  refers  to  the  Hudson  River  group  be- 
long to  the  Taconic  System  ?" 

Again,  in  a  letter  dated  January  23d,  1861:*[  "The  acknowl- 
edgment of  the  Primordial  of  Barrande  in  this  country  is 
really  one  of  the  finest  and  best  facts  in  geology,  making  a  rf- 
nation  of  American  and  European  rocks  so  complete  and  har- 


monious.." 


*  Agric.  N.  Y„  vol.  i?  p.  49,  1847.  §Loc.  cit.,  p.  1S6. 

\  Am.  Geol.,  vol.  i,  pt.  2,  p.  90,  1856.    .  JLoc-  cit-»  P*  l88< 

J  Proc.  Am.  Acad.  Arts  and  Sci.,  vol.  xii,  1885.  If  Loc  cit,  p.  190- 
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In  commenting  upon  Professor  Marcou's  reference  of  the 
'otsdam  sandstone  to  the  "Taconic  System,"  he  objects  to 
tich  references  on  stratigraphic  ground,  as  is  shown  by  his 
itter  of  January  28th,  1861. 

These  later  letters  of  Dr.  Emmons  prove  that  he  considered 
lie  "  Taconic  System  "  to  include  the  Huronian  of  Logan  and 
lie  graptolite-bearing  shales  of  the  Hudson  valley,  from  his 
3tter  of  November  20th,  1860,  he  also  included  the  Para- 
oxides  beds  of  the  "  Upper  Taconic "  which  equal  the  Pri- 
lordial  group  of  Barrande,  which  "  is  only  Lower  Silurian," 
nd  declared  that  "  the  Lower  Silurian  is  strictly  unconf ormi- 
ble  to  every  part  of  my  Taconic  series." 
Despite  the  statements  made  in  the  preceding  paragraph, 
think  we  may  say  that  Dr.  Emmons  regarded  the  original 
Taconic  System  "  as  stratigraphically  unconformable  and  sub- 
acent  to  the  Potsdam  sandstone  of  the  Lower  Silurian  of  the 
few  York  section  and  believed  it  to  rest  unconformably  upon 
he  crystalline  gneiss  at  its  base  and  to  form  a  great  system  of 
edimentary  rocks  between  the  gneiss  and  Potsdam  sandstone. 

Comparison  and  Discussion. 

Comparison. — A  comparison  of  the  geology  of  the  Taconic 
irea  as  known  at  the  present  time  with  the  geology  of  the 
ame  area  as  known  to.  Dr.  Emmons  develops  several  points 
&  agreement.  His  lithologic  descriptions  are  usually  easily 
erined ;  and  the  general  dip  and  arrangement  of  the  strata 
rithin  the  "  Taconic  System"  are  the  same  with  the  exception 
f  the  relations  of  the  strata  referred  to  the  "Lower"  and 
Upper  Taconic." 

Tne  points  of  disagreement  are:  the  identification  of  the 
eologic  age  of  the  formations  of  the  "  Lower  Taconic ;"  the 
tratigraphic  relations  of  the  "  Lower  "  and  "  Upper  Taconic  ;" 
he  stratigraphic  relations  of  the  "  Upper  Taconic "  and  the 
aperjacent  Silurian  formations,  and  the  value  of  the  strati- 
;raphic  and  paleontologic  identifications  of  the  age  of  the 
;  Upper  Taconic  "  slates. 

1.  Dr.  Emmons  considered  the  "  Lower  Taconic "  to  be 
omposed  of  three  non-fossiliferous  pre-Silurian  formations — 
L  Granular  quartz,  Stockbridge  limestone  and  Talcose  slates" 
3ee  fig.  10)  that  were  unconformably  superjacent  to  the  crystal- 
ine  gneisses  beneath  and  conformably  subjacent  to  a  great 
eries  of  slates,  forming  the  "  Upper  Taconic,"  that,  in  turn, 
*ere  unconformably  subjacent  to  the  lowest  of  the  Lower 
Silurian  formations,  the  Potsdam  sandstone. 

We  now  know  that  the  base  of  the  "  Taconic  System,"  the 
1  Granular  Quartz,"  contains  fossils  that  prove  it  to  be  the  geo- 
ogic  equivalent  of  the  greater  portion  of  the  "  Upper  Ta- 
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conic ;"  also,  that  it  is  the  arenaceous  deposit  tfoat  accumulated 
along  the  pre-Paleozoic  shore  while  the  siliceous,  argillaceous 
and  calcareous  muds,  now  forming  the  "  Upper  Taconic,"  were 
being  deposited  to  a  greater  depth  off  the  immediate  shore 
line.  This  entirely  negatives  the  conclusion  of  Dr.  Emmons, 
that  the   u  Upper  Taconic "  slates  were  superjacent  to  the 

"Lower  Taconic"  rocks. 

2.  The  second  formation,  the  "  Stock- 
bridge  limestone,"  has  afforded  fossils 
that  prove  it  to  be  the  equivalent  of  the 
Trenton,  Chazy  and  Calciferous  lime- 
stones of  the  Lower  Silurian  of  the  New 

i\  York  section,  and  it  is  not,  as  claimed 

by  Dr.  Emmons,  a  peculiar  pre-Silurian 
deposit  of  limestone. 

3.  Conformably  resting  upou  the 
"Stockbridge  limestone"  the  "Talcoee 
slates"  (Terr.  No.  4)  occupy  the  strati- 
graphic  position  of  the  Hudson  Terrane, 
in  the  Is  ew  York  section,  and  a  species 
of  graptolite,  abundant  in  the  Hudson 
Terrane,  occurs  in  the  "Talcoee  slates" 
near  Hoosick,  N.  Y. 

We  have   next  to  consider  the  rela- 
tions of  the  u  Upper  Taconic"  slates  to 
>/         \         ^   the  superjacent  Silurian  formations  and 

\   the  value  of  the  stratigraphic  and  pale- 
*    ontologie  identifications  of  the  age  oi  the 
"  Upper  Taconic.'' 
Y{//  In  the  first  published  section*  of  the 

"  Taconic  System,"  the  u  Shales  of  the 
Cham  plain  (Troup"  are  represented  as 
resting  unconformably  against,  and  on. 
the  Taconic  slates.  This  is  repeated  in 
the  section  published  in  1844-47.+ 
These  two  sections  are  largely  theoretic 
but,  on  page  89  (loc.  cit),  Dr.  Emmons 
gives  a  section  of  Bald  Mountain,  in 
the  town  of  Greenwich,  Washington 
County,  N.  Y,  which  is  here  reproduced 

(fig.  ID. 

This  section  is  intended  to  show  the 
unconformitv  between  the  Taconic  slates, 
b,  b\  h",  and  the  Calciferous  formations, 
d,  c  and  d\  it  being  assumed  by  Pr. 
Emmons  that  the  slates,  b,  b'  and  i". 

♦Geol.  N.  Y.;  Rep.  Second  Geol.  Dist,  p.  145,  fig.  46,  1842. 

t  Agric.  N.  Y.,  vol.  i,  p.  63,  fig.  7,  1847. 
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vere  identical,  and  that  df  was  a  mass  of  the  Calciferous 
androck  of  the  New  York  section,  and,  also,  the  mass  repre- 
ented  by  c.  I  began  the  investigation  of  this  section,  in  1887, 
>y  searching  for  fossils  in  the  various  formations,  and  then 
tudied  its  stratigraphy.  The  result  is  given  in  the  section 
•epresented  by  fig.  12.  I  found  that  the  blue  limestone,  c,  of 
igs.  11  and  12,  extends  beneath  the  shales  and  limestones  cap- 
>mg  the  mountain  and  that  it  is  interbedded  in  the  shales  and 
considerably  broken  and  displaced  on  the  south  edge  of  the 
mountain,  toward  the  fault  line,  as  shown  in  fig.  12.  Leper- 
iitia  fabulites  was  found  in  it,  on  both  the  west  and  south 
ride  of  the  mountain.  The  true  Calciferous  sand/rock,  of  the 
New  York  section,  is  shown  at  E,  interbedded  in  the  shales,  S 
and  X.  In  the  limestones,  rf,  forming  the  summit  of  the 
mountain,  in  fig.  11, 1  found  LinguleUa  codata,  Zinnarssonia 
Taconica,  Oboldla  sp.  nndet.,  HyolitheUus  micans^  Microdis- 
<ms  sveciosus  and  Olenellus  Thompsoni :  all  of  which  are  Mid- 
dle Cambrian  species  and  characteristic  of  the  slates,  b",  in  fig. 
11,  east  of  the  mountain.  Dr.  Emmons  identified  this  mass  of 
strata,  d\  with  the  Calciferous  sandrock  on  lithologic  characters, 
overlooking  the  fact  that  a  similar  rock  might  occur  in  his 
Taconic  series.  Two  miles  to  the  north,  on  the  farm  of  D. 
Walker  Reid,  this  belt  of  calciferous  rock  is  over  600  feet 
^Mck,  it  contains  a  characteristic  Middle  Cambrian  fossil,  Hyo- 
litheUus micans,  and  is  conformably  subjacent  and  superjacent 
to  shales  and  limestones,  containing  over  fifteen  characteristic 
8pecies  of  Middle  Cambrian  fossils. 


Figure  12. — Section  of  Bald  Mountain  from  the  south.  The  profile  of  the 
fountain  and  position  of  the  Cambrian  and  Lower  Silurian  rocks  are  taken  from 
1  photograph.  The  "  Upper  Taconic  "=Cambrian  slate,  sandrock  and  limestone 
l"e  shown  to  the  right  of  the  fault,  and  c=Chazy  limestone ;  x=dark  shales, 
Bterbedded  between  c  aud  the  Calciferous  sandrock,  E  ;  8= dark  argillaceous 
Stales  beneath  the  Calciferous  sandrock. 

The  section  of  Bald  Mountain  proves  that  the  strata  of  the 
c  Upper  Taconic  "  are  there  pushed  over  on  to  the  Chazy  Ter- 
Une,  and  that  the  "  Upper  Taconic  "  is  not  unconformably  sub- 
^cent  to  the  latter  or  to  the  Calciferous  sandrock. 

To  the  north  of  Bald  Mountain,  about  two  miles,  a  somewhat 
imilar  mass  of  limestone  to  that  of  c  is  adjacent  to  the  fault 
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line  and  contains:  Orthis  tesPudinaria^  Strophodonta  otter- 
nata,  Maclurea  and  other  gasteropoda,  Calymene  senaria  and 
fragments  of  Asaphus  platyeephalvs.  Details  of  all  the  ex- 
posures observed  where  the  "  Upper  Taconic  "  shales  and  the 
rocks  of  the  Lower  Silurian  come  in  contact  will  be  given  in  a 
report  on  the  geology  of  Washington  and  Rensselaer  counties 
Another  section,*  taken  by  Dr.  Emmons  just  east  of  the 
village  of  Whitehall,  is  reproduced  in  fig.  13.  The  object  of 
this  is  to  show  the  presence  of  a  mass  01  calcareous  sandrock, 
d\  resting  unconformably  upon  the  Taconic  slate,  which  Dr. 
Emmons  identified  as  the  Calciferous  formation  of  the  Lower 
Silurian.  I  studied  the  section  in  1886,  also  in  1887,  and  found 
Cambrian  fossils,  represented  by  the  heads  of  the  Olenellus 
and  fragments  of  Rychoparia,  imbedded  in  the  sandrock,*/', 
and  also  found  the  strike  and  dip  of  the  sandrock  and  shales  to 

d 

Figure  13,  a,  a.— Easterly  prolongation  of  the  mountain,  which  is  surmounted 
by  the  Calciferous  sandrock :  b  6,  Tertiary  clay ;  c,  c,  Taconic  and  black  slate: 
d,  d.  Calciferous  sandstone,  unconformable  to  the  Taconic  slates,  and  dipping 
southeast  at  an  angle  of  40-4  5 \    (After  Emmons.) 

be  conformable.  Another  section  on  the  same  paget  is  en- 
tirely within  the  Champlain  series  on  my  map  and  west  of  the 
great  fault  line.  It  is  30  miles  north  of  Bald  Mountain  and  in 
the  township  of  Whitehall.  I  found  the  Potsdam  sandstone  at 
its  base,  in  the  village  of  Whitehall,  and  then,  superjacent  to  it, 
the  Calciferous  Terrane,  with  a  band  of  dark  argillaceous  shale, 
lithologically  similar  to  that  of  the  Hudson  Terrane,  between 
it  and  the  superjacent  Chazy  limestone.  Resting  on  the  Chazy 
limestone  there  is  a  second  band  of  dark  shales,  175  feet  thick 
that  is  subjacent  to  the  Trenton  limestone,  and  the  latter  is 
subjacent  to  the  argillaceous  and  sandy  shales  of  the  Hudson 
Terrane.  The  strata  of  the  entire  section  are  conformable: 
and  the  limestones  were  identified  by  contained  fossils.  East 
of  the  shales  of  the  Hudson  Terrane,  the  existence  of  the  great 
fault  line  is  shown  by  the  presence  of  strata,  resting  against, 
and  on,  the  Hudson  Terrane,  that  carry  Middle  Cambrian  fos- 
sils. These  interbedded  shales,  between  the  limestones,  and, 
also,  the  Hudson  shales,  wrere  considered,  by  Dr.  Emmons,  to 
be  of  Taconic  age,  and  the  limestone  to  he  unconformably 
above  them.  J 

*  Agric.  N.  Y.,  vol  i.  p.  56.  fig.  %  1847.  \  Loc.  cit,  p.  56,  fig.  3. 

X  One  fact,  uot  recoguized  by  Dr.  Kramons  at  Bald  Mountain  or  along  the 
great  fault  lino,  is  that  in  many  localities  belts  of  dark  argillaceous  shale  occur 
between  the  CalciferouR,  Chazy  and  Trenton  limestones;  that,  in  others,  one« 
more  of  these  formations  is  entirely  a  shale  formation,  and  that  the  Potsdam  Ter- 
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Another  illustration  of  the  supposed  overlap  of  the  Chara- 
in  upon  the  Taconic  Terrane  is  given  in  the  American 
ology,  pt.  2,  p.  72,  fig.  12.  It  is  in  the  township  of  Green- 
sh,  opposite  Albany,  N.  Y ,  On  Cantonment  Hill.  There 
aass  of  the  Trenton  limestone  is  caught  on  the  line  of  the 
?at  fault  separating  the  Champlain  and  Cambrian  strata,  as 
Bald  Mountain  and  other  places  in  Washington  county,  and, 
o,  in  Vermont.  The  strata  of  the  Hudson  and  Trenton 
rranes  are  broken  and  displaced,  but  there  is  no  evidence 
it  the  Trenton  was  deposited  upon  the  upturned  edges  of  the 
mbrian  or  "Upper  Taconic"  slate;  and,  on  the  line  of  the 
ue  fault,  20  miles  to  the  south,  in  the  township  of  Schodack, 
\  8.  W.  Ford  discovered  an  unconformable  contact  between 
3  dark  drab  siliceous  and  micaceous  shales  of  the  Cambrian  and 
t  dark  argillaceous  shales  of  the  Hudson  Terrane.*  Mr.  Ford 
idly  took  me  to  the  locality  which  he  has  so  well  described, 
d  I  saw  the  "hade"  of  the  fault,  the  slickeusides  on  the  op- 
eing  surfaces,  and  broke  out  graptolites  from  the  Hudson 
lies  beneath,  and  within  six  inches  of,  the  fault  line.  A 
->rt  distance  south  the  limestones  interbedded  in  the  dark- 
ib  shales  gave  us  an  abundance  of  characteristic  Middle  Cam- 
ian  fossils.  For  the  details  of  this  overthrust  of  the  Cam- 
ian  upon  the  Hudson  Terrane,  see  Mr.  Ford's  paper. 
Dr.  Emmons  illustrates  another  sectionf  that  snows  the  same 
ore  of  observation  as  in  the  figure  of  the  section  at  Can- 
rnaent  Hill.  Again,  in  fig.  22,J  of  the  section  at  Snake 
)untain,  in  Vermont,  the  error  made  at  Bald  Mountain  is 
>eated,  for  it  is  now  well  known  that  the  supposed  overlying 
Iciferous  (?)  sandrock  ("  Ked  sandrock  ")  is  a  stratum  of  the 
mbrian  pushed  over  on  to  the  Lower  Silurian  Terrane,§ 
1  not  a  Lower  Silurian  formation,  unconformably  snperja- 
it  to  the  "  Upper  Taconic  "  strata. 

\11  the  overlying  limestones  that  he  mentions  as  unconform- 
y  overlying  the  Taconic  rocks,  with  the  exceptions  noted, 

ere  they  contain  Middle  Cambrian  fossils,  are  west  of  the 

• 

\  off  shore,  was  originally  deposited  either  as  a  calcareous  or  argillaceous  mud. 
-as  owing  to  this  oversight  that  lie  frequently  identified  the  shales  of  the 
tnplain  series  as  those  of  the  Taconic.  Another  phenomena  not  understood 
lim,  was  the  creeping  or  protruding  of  shales  from  beneath  heavy  masses  of 
stone,  on  account  of  the  pressure  squeezing  the  shales  out  and  turning  them 
In  this  way  many  of  his  non-conformities  of  dip  appear  to  have  been  erro- 
isly  observed.  In  many  instances  he  did  not  recognize  the  lithologic  differ- 
*  between  the  great  mass  of  his  Taconic  slate  and  that  of  the  Hudson  Terrane. 
black  shale  (marked  "  Taconic,"  in  the  Bald  Mountain  section,  b,  b\  fig.  11) 
>t  similar  to  the  shale  containing  the  trilobites,  east  of  the  great  fault,  yet  he 
tilled  them  as  lithologically  the  same  formation. 
This  Journal,  vol.  zxix,  p.  16,  1885. 

im.  GeoL,  voL  i,  pt  2,  p.  79,  fig.  14,  1856.  , 

Loc.  ciL,  p.  87. 
This  Journal,  III,  vol.  xiii,  p.  413,  1877. 
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fault  line  separating  the  Cambrian  and  Silurian  Terranes ;  and 
the  shales  west  of  the  fault  belong  to  the  Silurian,  not  to  the 
"  Upper  Taconic  "  Terrane.  The  line  of  outcrop  of  the  Cam- 
brian Terrane  is  well  marked,  and  I  have  endeavored  to  locate 
it  accurately  on  the  map.  The  great  Appalachian  fault  sepa- 
rates the  Potsdam  and  other  Silurian  rocks  from  the  Cambrian; 
and  nowhere  on  the  western  side  of  the  Cambrian  Terrane,  to 
my  knowledge,  either  in  New  York  or  Vermont,  is  there  a 
deposition  contact,  either  conformable  or  unconformable,  be- 
tween the  rocks  01  the  "  Taconic  System  "  and  the  Potsdam  or 
other  Silurian  terranes.  I  have  examined  all  the  localities 
cited  by  Dr.  Emmons  and,  later,  by  Professor  Marcou  and,  in 
every  case,  the  great  fault  separates  the  strata  of  the  two  sys- 
tems. In  fact,  the  Taconic  usually  rests  on  the  Silurian  strata 
as  the  result  of  the  overthrust  from  the  east ;  and,  as  will  be 
shown  in  my  report  on  Washington  County,  N.  T.,  the  strong- 
est proof  oi  the  presence  of  a  fault  line  is  shown  by  the  me- 
chanical disturbance  of  the  Cambrian  strata,  on  the  eastern 
side  of  the  fault. 

That  the  Taconic  slates  are  unconformably  pre-Potsdam,  is 
yet  to  be  proven  in  any  area  known  to  Dr.  Emmons,'  either  in 
New  York  or  Vermont.  Where  they  pass  beneath  the  shale 
representing  the  Potsdam  horizon,  beneath  the  Stockbridge 
limestone  in  the  Taconic  Range,  they  are  conformably  pre- 
Potsdam,  but  this  fact  was  unknown  to  Dr.  Emmpns.* 

Jiesume. — As  the  result  of  these  comparisons,  we  find  that 
the  u  Lower  Taconic  "  is  essentially  a  repetition  of  the  lower 
Silurian  (Ordovician)  section  of  the  Champlain  valley.  It  differs 
in  lithologic  details  and  in  having  a  less  abundant  fauna  in  the 
typical  Taconic  area 

The  "  Upper  Taconic  "  is  found  to  be  conformably  subjacent 
to  the  "  Stockbridge  "  limestone  of  the  "  Lower  Taconic,''  and 
to  include  the  Potsdam  horizon  at  or  near  its  upper  portion 
Its  base  is  not  unconformably  subjacent  to  the  Lower  Silurian 
Terrane,  as  maintained  by  Dr.  Emmons  and  Professor  Mam»u. 

The  value  of  the  paleontologic  identification  by  Dr.  Em- 
mons of  the  "  Upper  Taconic  "  slate  as  a  pre-Potsdam  forma- 
tion will  now  be  considered. 

*  Professor  Henry  \\  Rogers,  in  his  address  before  the  meeting1  of  the  Asso- 
ciation of  American  Geologists  and  Naturalists,  held  at  Washington,  in  May, 
1^44.  said,  when  speaking  of  the  uneonfoj  mity  claimed  by  Dr.  Ktnmons  be^nyo 
the  Champlain  and  Taconic  rocks:  "  I  must  take  the  liberty  of  expressing  t&T 
disbelief  of  any  such  unconformity,  and  of  observing  that  in  the  prolongation 
south  west,  ward  of  this  altered  and  plicated  belt  as  far  as  the  termination  oi  tltf 
#Blue  Ridge  in  Georgia,  a  distance  <»f  10<>0  miles,  no  interruption  of  the  gen*-™! 
conformity  of  strata  has  ever  met  the  observation  of  my  brother  or  myself.— 
( Amer.  Jour.  Sci.,  I.  vol.  xlvii,  i>.  1.V2,  1844). 
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On  page  63,  of  the  Agriculture  of  New  York  (vol.  i),  under 
the  heading  "  Black  Slate,"  Dr.  Emmons  says :  "  I  shall  de- 
scribe the  rocks  in  the  descending  order:  and  by  so  doing,  I 
commence  with  the  mass  of  which  there  is  some  doubt  whether 
it  ought  to  be  considered  as  a  distinct  rock  or  merely  the 
upper  portion  of  the  Taconic  slate ;  still  I  am  disposed  to  re- 
gard it  now  as  a  separate  and  distinct  rock,  forming,  so  far 
as  examinations  have  been  made,  the  highest  member  of  the 
Taconic  system.  Circumstances  which  have  led  to  the  separa- 
tion of  this  from  the  rock  referred  to  are  of  an  interesting 
2haracter ;  interesting  particularly  as  being  connected  with 
the  discovery  of  crustaceans  where  they  were  least  expected." 

Dr.  Asa  Pitch  found  the  fossils  from  the  "  Black  Slate,"  in 
L843,  and  gave  them  to  Or.  Emmons,  who  described  two  spe- 
;ies  of  trilobites  under  the  names  of  Atops  trilineatus  and 
EUiptocephdla  asaphoides;  the  first  he  thought  to  be  an  inter- 
mediate genus  between  the  Calymene  and  Triarthrus ;  of  the 
second,  EUiptocephdla  asaphotdes,  he  compared  parts  with 
similar  parts  of  the  Asaphus  tyrannus^  of  the  Lower  Silurian 
of  England.* 

On  page  68  of  the  same  memoir,  under  the  head  of  "  Fossils 
peculiar  to  the  Taconic  Slate,"  he  describes  two  species  of 
Annelid  trails :  one  from  the  Green  Taconic  slate,  and  the 
other  from  the  sandstone  in  Washington  County.  He  follows 
this  with  a  description  6i  nine  species  of  what  appeared  to  be 
trails  from  the  slates  of  Waterville,  Maine.  It  appears  from 
this  that  Dr.  Emmons  considered  these  various  trails  to  be 
"  fossils  peculiar  to  the  Taconic  slate,"  and  that  the  trilobites 
which  he  described  he  did  not  consider,  at  that  time,  as  typi- 
ical  of  the  "  Taconic  System,"  for  he  says  (loc.  cit.,  p.  64),  in 
speaking  of  the  kl  Black  Slate :"  "Assuming  that  its  fossils  are 
distinct  from  the  fossils  of  this  and  other  systems,"  etc. 

In  his  conclusions,  he  says  :f  "  The  Nereites  and  other  fos- 
sils of  the  Taconic  slate  are  unknown  in  any  of  the  members 
of  the  Champlain  group.  In  addition  to  which,  it  is  impor- 
tant to  bear  in  mind  the  fact  that  in  this  group  the  Mollusca 
of  the  New  York  system  are  also  wanting  " 

In  18564  he  referred  the  Black  slates  to  a  position  above  the 
Talcose  slates  of  the  "  Lower  Taconic,"  thus  making  them  the 
base  of  the  "  Upper  Taconic "  series.  On  page  98,  l<5c.  cit., 
the  argument  is  made  that  the  "  Taconic  System  "  is  peculiar 
in  its  contained  organisms,  and  that  he  has  the  right  to  con- 
aider  the  absence  of  certain  Silurian  fossils  as  evidence  that 
the  Taconic  was  not  of  Silurian  age.  As  has  been  shown  in 
the  first  part  of  this  paper,  the  limestones  of  the  "  Lower  Ta- 

*  Loc.  cit-,  pp.  64,  65.  %  Am.  Gteol.,  pt.  2,  p.  49,  1856. 

f  Loc.  cit,  p.  108. 
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conic  "  carry  characteristic  Lower  Silurian  (Ordovician)  fossils, 
as,  also,  do  the  shales  overlying  the  limestones. 

In  1859  (Manual  of  Geology,  p.  87),  Dr.  Emmons  for  the 
first  time  compared  his  Elltptocephala  asavhoides  with  the 
genus  Paradoxides,  of  Barrande*s  Primordial  Zone,  stating 
that  the  Taconic  Paradoxides  is  also  Silurian,  and  hence  it  is 
shown  that  the  Primordial  Zone,  in  Bohemia,  is  in  coordina- 
tion with  the  upper  series  of  Taconic  rocks.  This  statement 
is  the  first  known  to  me  upon  which,  either  by  paleontologic 
or  stratigraphic  evidence,  Dr.  Emmons  could  base  his  assertion 
that  any  portion  of  the  "  Taconic  System  "  was  of  pre-Pote- 
dam  age. 

The  want  of  clearness  in  his  views  is  well  shown  by  the 
extract  already  auoted  from  his  letter ^of  Nov.  20,  1860,  pub- 
lished by  Pro!  Marcou.  "  His  [Barrande's]  Primordial  group 
is  only  Lower  Silurian.  I  conceive  we  have  exactly  his 
Primordial  group  in  the  band  of  slates  containing  the  Para- 
doxides."— What  becomes  of  the  stratigraphic  break  between 
the  Lower  Silurian  and  Taconic  rocks  if  the  "  Black  slates " 
are  still  retained  in  the  "  Taconic  System,"  remains  unex- 
plained. If  removed  the  fossils  go  into  the  Lower  Silurian 
with  it. 

Dr.  Emmons  described  several  species  of  graptolites*  from 
the  "  Taconic  System,"  the  majority  of  which  are  now  known 
to  also  occur  in  the  Hudson  Terranef  in  the  valley  of  the 
Hudson.  On  the  map,  I  have  given  the  distribution  of  the 
Hudson  Terrane  in  the  Taconic  area,  as  determined  by  strati- 
graphic and  paleontologic  evidence.  It  is  in  the  central  belt, 
carrying  the  red  slates,  that  the  graptolites  occur  which  led 
I)]-.  Emmons  to  include,  as  a  matter  of  necessity,  if  he  put 
the  red  slates  in  the  Taconic,  the  dark,  argillaceous  shales  of 


V  -  — -*  I 

graptolite  beds  contain  a  characteristic  Trriiton- Hudson  fauna... 
This  removes  a  considerable  portion  of  the  ik  Upper  Taconic 
strata  from  the  "  Taconic  System." 

*  Am.  Geol.,  vol.  i,  pt.  2,  pp.  104-111,  1856. 

t  Sec  letter  to  Prof.  Jules  Marcou ;  Proe.  Am.  Acad.  Arts  and  Sci.,  vol.  iii,  p. 
188.  1885. 

\  Mr.  C.  E.  Beeoher  found  three  of  the  sume  species  of  graptolites  (Clinmw- 
graptus  bicornis,  Dicranograptus  ramosus  and  Diployraptus  inner onaiua)  as  those 
found  by  me  in  the  •' Taconic  Slates"  of  Washington  and  Rensselaer  counties, 
associated  with  Brachiopoda,  f>  species;  Lamellibranchiata,  16  species;  Ptero 
poda,  2  species;  Gasteropoda.  3  species;  Cephalopoda,  2  species;  Annelid.  1  spe- 
cies ;  Crustacea,  1  species,  and  Trilobita,  2  species.  For  names  of  species,  see 
Mr.  Beecher's  paper.  (Thirty-sixth  Ann.  Rep.  N.  Y.  State,  Mus.  Nat.  Hist.,  p. 
78.  1884). 
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Resume  of  the  Paleontologic  Evidence. 

•  (1.)  The  trilobites  described  in  1844-47,  from  the  "Black 
Slate,"  were  referred  to  the  highest  member  of  the  "  laconic 
System,"  on  stratigraphic  evidence. 

(2.)  The  same  trilobites  were  referred  to  the  lowest  member 
of  the  u  Upper  Taconic,"  on  stratigraphic  evidence,  in  1856. 

(3.)  In  1859  they  were  for  the  first  time  referred  to  a  pre- 
JPotsdam  position  by  comparison  with  a  fauna  whose  position 
had  been  stratigrapnically  determined  in  relation  to  the  Silu- 
rian fauna. 

(4.)  The  Nereites  and  other  trails  with  the  exception  of  the 
"two  from  Washington  County,  N.  Y.,  described  as  typical  of 
"the  "  Taconic  System,"  have  not  yet  been  stratigraphically 
located  in  the  geologic  series. 

(5.)  The  graptolites  referred  to  the  "  Taconic  System  "  form 
a  portion  of  the  fauna  of  the  Hudson  Terrane. 

Discussion. — There  is  not  much  opportunity  for  a  discussion 
of  the  geologic  age  and  position  of  the  "  Lower  Taconic  " 
rocks.  The  thorough  work  of  Professor  Dana  practically  set- 
tled those  points  before  I  began  my  investigation.  Dr.  T.  S. 
Hunt  opposed  Professor  Danas  conclusions,  oasing  his  dissent 
on  the  result  of  his  own  studies  of  the  geology  of  southeastern 
Pennsylvania  and,  on  his  acceptance  of  certain  theoretic  views 
in  regard  to  the  lithology  of  the  u  Lower  Taconic  "  rocks.  He 
argued  that  the  "  Lower  Taconic"  was  the  typical  Taconic  Sys- 
tem and  of  Archean  age,*  and  that  Professor  Dana's  interpreta- 
tion of  the  stratigraphy  was  not  sufficient,  without  the  aid  of  fos- 
sils, in  the  typicalTaconic  region,  to  establish  the  Lower  Silurian 
age  of  the  Stockbridge  limestone  or  the  crystalline  marbles  of  the 
Lower  Taconic.  With  the  facts  presented  in  this  paper,  how- 
ever, I  do  not  think  that  Dr.  Hunt  can  claim  support  for  his 
views  without  first  substantiating  them  by  researches  in  the 
Taconic  area,  a  matter  that  he  has  apparently  not  given  his 
attention,  f  heretofore. 

*(" Taconic  Question  in  Geology;"  Min.  Physiology  and  Physiography,  p. 
582,  paragraph  92,  1886).  "  92.  Considering  the  pre-Cambrian  age  of  the  Lower 
Taconic  to  be  established,  as  well  as  its  distinctness  alike  from  the  older  crystal- 
line rocks  below  and  from  the  Cambrian  series  above,  to  which  Emmons  had 
given  the  name  of  Upper  Taconic — it  was  proposed  by  the  writer,  in  1878,  to 
restrict  the  term  Taconic — for  which  the  alternative  name  of  Taconian  was  then 
suggested. — to  the  Lower  Taconic  of  Emmons."  For  other  views  held  by  Dr. 
Hunt,  see  Am.  Jour.  Scl,  3d  ser..  vol.  xxxiii,  pp.  417.  418,  1887. 

fSome  of  Dr.  Hunt's  errors  consist:  1.  In  relying  upon  a  lithologic  theory 
based  upon  observations  made  far  distant  from  the  Taconic  area  2.  His  accept- 
ance of  Dr.  Emmons's  theory  of  the  stratigraphic  position  of  the  "  Lower  Taconic" 
strata  without  personal  investigation  when  it  was  well  known  that  all  of  Dr. 
Emmons's  contemporary  geologists  opposed  the  '•  Taconic"  theory.  3.  His  assum- 
ing that  it  was  largely  personal  opposition  to  Dr.  Emmons  that  led  all  geologists 
who  investigated  the  Taconic  area  to  decide  against  the  "  Taconic"  theory.  4. 
His  ignoring  all  stratigraphic  and  paleontologic  evidence  published  by  Professor 
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Prof essor  Dana  was  in  accord  with  the  opinion  of  Professors 
W.  B.  and  H.  D.  Rogers,  Edward  and  <5.  H.  Hitchcock,  W. 
W.  Mather  and  James  Hall,  as  well  as  with  the  results  of  hia 
own  field  studies,  when  he  called  the  "  Granular  Quartz"  Pots- 
dam, the  "  Stockbridge  limestones,  Lower  Silurian  (Calciferqus- 
Chazy-Trenton)  and  the  overlying  "  Talcoee"  shales  the  Hudson 
River  formation.  He  held  the  opinion  that  the  "  Lower  Ta- 
conic" was  the  typical  "Taconic  System,"  as  first  defined  in 
1842,  but  as  that  was  proven  to  be  Lower  Silurian  in  age  the 
"  Taconic  System"  could  not  longer  be  recognized.  In  opposi- 
tion to  this  Professors  Marcou  and  Winchell  argue  that  if  the 
"Lower  Taconic"  was  of  Lower  Silurian  age  the  "Upper  Ta- 
conic" contains  Primordial  fossils  and  is,  therefore,  equivalent 
to  the  Cambrian ;  and,  as  the  discovery  of  fossils  in  the 
"  Upper  Taconic"  was  made  before  typical  Primordial  fossils 
were  published  from  Sedgwick's  Cambrian  System,  the  name 
Taconic  had  priority  over  that  of  Cambrian  and  should  be  used 
in  place  of  it  to  designate  the  strata  containing  the  First  or 
Primordial  fauna  of  fiarrande. 

I  was  influenced  by  the  statement  made  by  Dr.  Emmons 
that  the  6lates  of  the  "  Upper  Taconic"  were  unconformably 
beneath  Lower  Silurian  strata,  and,  also,  by  the  views  of  Pro- 
fessors Dana  and  Marcou  when,  in  1885,  I  wrote  my  observa- 
tions, "On  the  Use  of  the  Name  Taconic,"  in  the  introduc- 
tion to  Bulletin  30,  of  the  U.  S.  Geological  Survey.  I  was 
satisfied  from  the  evidence  presented  by  Professor  Dana,  that 
the  limestones  of  the  "  Lower  Taconic  belonged  to  the  Cal- 
ciferous-Chazy-Trenton  Terrane,  and  that  the  overlying  schists 
were  proj>erlv  referred  to  the  Pludson  Terrane.  The  reference 
of  the  qnartzite  beneath  the  limestone  to  the  Potsdam  horizon, 
also  appeared  to  be  consistent  with  the  data  known  to  him.  I 
was  but  partially  convinced,  however,  from  the  evidence  pre- 
sented by  Dr.  Emmons  and  Professor  Marcou  that  the  "Upper 
Taconic"  slates  wore  st  rat  {graphically  pre-Potsdam,  or  that 
there  was  a  valid  claim  for  the  substitution  of  the  name  Taconic 
for  that  of  Cambrian. 

Professor  Jules  Marcou.  although  a  persistent  advocate  for  the 
use  of  the  name  Taconic,  did  not  iro  to  the  tvpical  Taconic  area 
to  study  the  "  Taconic  Svstem,"  but  studied  the  extension  ot 
the  %%  Upper  Taconic"  slate  and  shales  in  northern  Vermont,  ana 
identified  the  "  Upper  Taconic  "  as  the  true  *%  Taconic  System." 
1  have  carefullv  examined  the  localities  where  he  describes  the 
occurrence  ot  a  non-conformity  between  the  Georgia  slates  ana 
the  superjacent  so-called  Potsdam  sandstone  and  at  none  of  them 

Dana  atnl  others  within  :\w  p:*st  ii:U-eii  vvars  on  the  ground  that  the  writers  were 
putting  forth  the  -  oil  metamorphie  hypothesis"  of  Mather.  Rogers,  etc.  \See 
Am.  Nat.,  vol.  xxi.  pp.  114-320.  1SS7K  " 
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ould  I  find  a  trace  of  the  Potsdam  sandstone.  The  sandstone 
jferred  to  the  Potsdam  is  of  Middle  Cambrian  age  and,  at 
'arker's  farm  contains  two  of  the  same  species  of  fossils  that 
ccur  in  the  slates  conformably  subjacent  to  the  sandstone. 
'he  only  non-conformity  found  is  formed  by  the  overthrust  of 
le  Georgia  or  Cambrian  strata  upon  the  Lower  Silurian  Ter- 
ine,  just  as  at  Bald  Mountain  in  Washington  County,  N.  Y., 
nake  Mountain  in  Vermont  and  all  along  the  line  of  the  great 
uilt,  wherever  outcrops  of  the  two  systems  occur. 

His  extension*  of  the  "Taconic  System"  to  include  the 
'otsdam  sandstone  is  in  opposition  to  all  of  Dr.  Emmons's 
iews  of  the  relations  of  the  Taconic  and  Potsdam  strata,  as 
)r.  Emmons  founded  the  " Taconic  System"  largely  on  the 
elief  that  a  great  stratigraphic  break  existed  between  the 
'otsdam  and  Taconic,  and  that  the  fauna  of  the  Taconic  was 
nlike  that  of  the  "  Champlain  group,"  of  which  the  Potsdam 
armed  the  base. 

Dr.  Emmons's  errors  are  nearly  all  traceable  to  his  trust  in 
le  lithologic  characters  of  the  various  formations  within  the 
iconic  area.  He  established  the  "  Taconic  System  "  in  1842, 
n  the  differences  inv  the  lithologic  characters  of  the  Taconic 
Dcks  and  those  of  the  New  York  4  Lower  Silurian.'  The  un- 
onformity  between  the  "Taconic  System"  and  "Champlain" 
3ries,  announced  in  1844-'47,  was  primarily  based  on  the  sim- 
arity  of  the  lithologic  characters  of  the  Calciferous  sandrock 
f  the  Lower  Silurian  and  the  calciferous  sandrock  of  what  we 
ow  know  to  be,  from  its  contained  fossils,  a  part  of  his  "  Upper 
'aconic  "  series.  Again,  when  the  latter  (calciferous  sandrock 
f  the  Cambrian)  was  pushed  over  on  to  the  dark  shales  of  the 
Lower  Silurian,'  on  the  line  of  the  great  fault,  he  identified 
le  latter  shales  with  the  "Upper  Taconic"  shales,  and  thus 
btained  an  unconformity,  as  at  Bald  Mountain,  between  the 
ower  Silurian  and  Taconic  strata.  He  failed  to  recognize  the 
ict,  shown  along  an  outcrop  of  a  hundred  miles  or  more,  that 
le  Potsdam  and,  frequently,  the  Calciferous  Terranes  were 
^presented  in  the  geologic  sections  by  a  shale  undistinguishable 
■om  the  shale  of  the  Hudson  Terrane ;  also,  that  the  same  con- 
itions  occur  in  the  Champlain  valley,  in  the  towns  of  Fort 
Jin,  Kingsbury,  and  Hartford,  Washington  County,  N.  T., 
id  that,  in  several  localities,  the  Trenton  limestone  is  replaced 
shale.  This  explains  much  of  the  confusion  in  his  stratigra- 
ly  and,  also,  in  that  of  Professor  Jules  Marcou,  in  northern 

ermont,  who  was  misled  in  the  same  manner.  The  shales 
mtaining  the  Primordial  fauna  are  usually  lithologically  dis- 
milar  from  the  dark  argillaceous  shales  of  the  Lower  Silurian, 

*  Proc.  Boat.  Soc  Nat  Hist.,  vol  vii,  p.  371,  381,  1860. 
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but,  as  Dr.  Emmons  included  the  dark  graptolitic-bearing  shales 
of  the  Hudson  Terrane,  within  the  Taconic  area,  in  the  "Upper 
Taconic,"  he  necessarily  compared  and  identified  the  black 
6hales  of  the  Lower  Silurian  with  the  "  Black  Slate "  of  the 
"  Upper  Taconic."  He  could  scarcely  do  otherwise,  when  the 
stratigraphy  along  the  western  side  of  the  "  Taconic  System  * 
supported  his  theory,  if  such  an  identification  of  the  shale  was 
made. 

The  fact  that  the  Potsdam  sandstone,  as  a  lithologic  forma- 
tion, is  a  local  deposit  in  the  immediate  vicinity  of  the  Adiron- 
dack mountains  and  that  the  sediments  being  deposited  at  the  . 
other  localities  at  the  same  time,  embedding  similar  organic 
remains,  were  argillaceous,  siliceous  and  calcareous  muds,  does 
not  seem  to  have  impressed  him,  although  he  devotes  man; 
pages  of  his  various  memoirs  to  the  description  and  discussion 
of  the  lithology  of  the  Taconic  and  Lower  Silurian  rocks. 

Dr.  Emmons  was  not  a  collector  of  fossils,  or  he  would  have 
found  them  in  nearly  all  the  formations  within  the  Taconic 
area ;  and  I  think  that  no  student  conversant  with  the  faunas 
of  the  Lower  Silurian  and  Cambrian  terranes  will  long  hesitate 
in  concluding  that  he  did  not  have  sufficient  critical  knowledge 
of  the  faunas  to  which  the  fossils  belonged  that  he  did  obtain,  to 
identify  the  6trata  from  which  they  came  on  paleontologic 
evidence  otherwise  he  could  not  have  so  confused  them.* 
When  Dr.  Fitch  gave  him  the  fossils  that  he  had  found  in  the 
u  Black  Slate,"  two  miles  north  of  Bald  Mountain,  in  1843,  he 
at  once  referred  them  to  a  pre-Potsdam  horizon,  on  s&ratigraphk 
evidence,  without  making  any  comparisons  with  a  fauna  which 
he  knew  to  be  pre-Potsdam  at  some  other  locality.  In  fact,  no 
such  data  were  at  his  command  at  that  time,  and  the  reference 
of  the  fossils  to  a  pre-Potsdam  horizon  was  based  entirely  npon 
the  fact  that  they  were  in  strata  which  he  considered  to  be  situ- 
ated unconformable  beneath  the  Potsdam  sandstone  or,  in  its 
absence,  the  Calciferous  sandrock. 

1  wish  to  mention  here  that,  in  1847,  Dr.  Emmons  did 
not  consider  the  two  species  of  trilobites  as  characteristic  of  the 
true  Taconic  slate,  but  of  the  overlying  u  Black  Slate,''  which 
ho  considered  to  be  pre-Potsdam,  from  the  evidence  of  the 
Bald  Mountain  section.  I  also  call  attention,  again,  to  the  fact 
that  there  was  no  valid  stratigraphic  evidence  of  the  pre-Pot> 
dam  age  of  the  **  Black  Slate :"  moreover,  as  I  have  shown,  the 
"  Black  Slate"  is  the  lowest  member  of  the  u Taconic  System" 
and  not  the  highest,  as  stated  bv  him,  in  1S47,  or  next  above 

*  It  s  not  practicable  for  mo,  owin.:  to  want  of  space,  to  give  a  full  analysis  of 
the  palcontolotr.c  work  done  by  Dr.  Emmons  in  connection  with  bis  argument  for 
the  Taconic  system.  This  will  apivar  in  mv  report  on  the  geology  of  Washington 
Ooimtv,  X.  Y. 
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le  "Lower  Taconic,"  as  stated  in  the  scheme  of  1856.  (See 
g.  10.) 

The  comparisons  made  by  Dr.  Emmons  between  the  fossils 
F  the  "  Black  Slate  "  and  the  Primordial  fauna  of  Barrande,  in 
359,  came  too  late  to  anticipate  the  identification  of  the  Prini- 
•dial  fauna  in  the  Cambrian  of  Sedgwick,  for  the  Cambrian 
vstem,  as  used  by  me,  was  correctly  identified,  paleontolog- 
ally,  by  M.  Barrande,  in  1851.* 

As  I  have  repeatedly  stated,  Dr.  Emmons  assigned  the  two 
>ecies  of  fossils  described  by  him  from  the  "  Upper  Taconic" 
ates  to  a  pre-Potsdam  horizon,  on  stratigraphic  evidence  that, 
l  investigation,  proves  to  have  been  based  on  errors  of  field  ob- 
irvation.  Such  being  the  case,  there  was  no  proof  of  the  posi- 
on  of  the  fauna,  as  he  had  no  means  for  comparison  with  a 
milar  fauna  that  had  been  stratigraphically  located  elsewhere  in 
le  geologic  series.  It  was  a  fortunate  happening  that  the  "  Up- 
er  Taconic  "  fossils  proved  to  be  of  pre-Potsdam  age,  and  not 
scientific  induction  based  on  accurate  observations  or  compari- 
ng. 

M.  Barrande  visited  England  in  1851  and  determined  the 
ge  of  the  Primordial  fauna  found  in  the  typical  Cambrian 
rea  of  Wales  before  he  knew  of  the  existence  of  the  vestige  of 
le  Primordial  fauna  published  bv  Dr.  Emmona  Subse- 
uently,  upon  the  evidence  of  Dr.  Emmons's  published  strati- 
raphic  sections,  showing  that  he,  Dr.  Emmons,  knew  the 
3ssils  to  be  stratigraphically  pre-Potsdam,  M.  Barrande  was 
lisled  into  crediting  him  with  a  discovery  (in  1859)  that  was 
ased  on  errors  of  field  observation,  and  I  did  the  same  thing 
l  the  introduction  to  Bulletin  30,  TJ.  S.  Geological  Survey,  in 
885. 

*  January  20th,  1851,  M.  J.  Barrande  read  a  paper  before  the  Geological  So- 
ety  of  France,  upon  the  "  Silurian  Terrain  of  England."  He  presented  a  sketch 
I  a  section  from  Wales  showing  the  Archean  and,  resting  upon  it,  the  stages 
^responding  to  the  stages  C  and  D,  of  the  Bohemian  section,  or  the  strata  of  the 
iret  or  Primordial  fauna  and  the  Second  or  Lower  Silurian  fauna.  Above  the 
ower  SUuriau  the  Upper  Silurian  is  shown  as  resting  unconformably  upon  the 
iter.  In  this  paper  the  Lower  Cambrian  of  Sedgwick  is  identified  by  organic 
mains,  through  comparison  with  the  established  succession  of  fossils  in  the 
ohemian  Basin.     (Bull  Soc  Geol.  de  France,  t.  viii,  pp.  207-212,  1851). 

[To  be  continued.] 
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Slope  ;  by  W.  J.  McGee. 

(Continued  from  page  143.) 
The  Avpomattox  Formation. 

Character  and  Dixtrihntion. — Near  the  summits  of  the  bluffs 
overlooking  the  Rappahannock  river  from  the  southward  a  mile 
or  two  west  of  Fredericksburg,  a  distinctive,  stratified,  orange* 
colored  sandy  clay  is  found  reposing  ujvon  Potomac  sandstone, 
from  which  it  is  readily  distinguishable  by  its  greater  homo- 
geneity, the  more  eomplete  intermingling  of  its  arenaceous  and 
argillaceous  materials,  its  more   regular   stratification,  and  ifc 
more  uniform  and  predominantly  orange  color.     It  is  as  rcadilv 
distinguishable  from  the  Columbia  deposits,  on  the  other  hand, 
by  its  vertical  homogeneity,  its  comparatively  regular  stratifica- 
tion, its  distinctive  color,  and  its  greater  range  of  altitude- 
extending  as  it  does  from  tide-level  to  the  highest  eminences  of 
the  Piedmont  escarpment  between  the  Rappahannock  and  the 
Roanoke.     At  Fredericksburg   the  deposit  is  commonly  thin 
and  confined  to  limited  isolated  areas,  especially  at  the  higher 
levels,  and  it  appears  at  but  a  single  locality  (Potomac  creek) 
north  of  the  immediate  valley  of  the  Rappahannock;  but  it 
rapidly  increases  in  thickness  and  continuity  to  the  southward. 
About  the  confluence  of  the  Ni,  Po,  and  Ta  rivers  it  forms  the 
surface  over  a  meridional  zone  fully  10  miles  wide;  it  is  well 
expo.M'd  in  the  bluil's  of  the  Taponi,  along  which  it  reposes  ujvhi. 
the  fo^ilifeious  Kocene;  and  in  the  bluffs  of  the  Mattapuiii  an<i 
the  Anna  rivers,  as  well  as  over  the  intervening  divides.it  isnV:5- 
pivvalcnt  surface  formation,  maintaining  the  characteristics  ex  — 
hihitedat  Fredericksburg  save  that  it  is  frequently  gravelly.    Ir  i» 
the  vicinity  of  Richmond  it  is  occasionally  exposed  toward  tli*^~ 
summits  of  the  river  bluffs,  but   is    there'  less  conspicuous  thaiT 
the  subjacent   Miocene,  Kocene  and   Potomac  deposits:  whil-f 
still  further  southward  it  continues  to  thicken  and  expand. 

The  diMinctivc  orange-colored  sands  and  clavs  of  the  forms*- 
lion  are  typically  exposed  on  ami   near  the  Appomattox  rivt:r 
from  it>  mouth   to  >ome  miles  wc:>t    of  Petersburg.     A  nii'tj    . 
below  Petersburg  thev  are  found  at  tide  level  in  the  river  hank>  •'    / 
in  the  eastern  part  of  the  city  they  appear  overlying  the  fos^/- 
iferou>    Miocene   beds    mid-height    of  the  bluffs;    and  at  fir    ■ 
"('rater"  a  mile  and  a  half  ea>t,  in  the  railway  cuttings  in  the    \ 
southwestern   part,  ami  on  the  upland  two  miles  west  of  die 
citv,  thev  occupy  the  highest  eminences.      The  zone  of  out- 
crop  here  is  at  least  30  or  4M  miles  wide.     As  at  Fredericks- 
burg, the  deposit  is  a  regularly  but  obscurely  stratified  orange- 
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lured  clay  or  sand,  sometimes  interbedded  with  gravel  or 
terspersed  with  pebbles.  Perhaps  the  best  exposure  is  at  the 
Crater  "  (a  'pit  formed  by  the  explosion  of  8,000  pounds  of 
>wder  in  a  mine  carried  by  Federal  engineers  beneath  a  Con- 
derate  fort,  July  13,  1864).      Here  the  principal  material 

a  dense,  tenacious  clay,  orange,  gray,  pink,  reddish,  and 
ottled  in  color,  plastic  yet  firm  when  wet,  and  so  hard  and 
ugh  when  dry  thatf  medalions  stamped  from  it  as  souvenirs  are 
durable  as  rock — indeed  the  well  known  strategetic  measure 

which  the  "  Crater  "  is  due  was  rendered  successful  by  the 
•mnees  and  tenacity  of  the  clay  through  which  the  entire 
iue  was  excavated  save  where  it  barely  touched  the  subjar 
nt  fossiliferous  glauconitic  sands  of  the  Miocene.  At  But- 
rfield's  bridge  in  the  southwestern  part  of  Petersburg  the 
ilway  cutting  exposes  some  20  feet  of  plastic  clay  (like  that 
und  at  the  "  Crater  "),  pebbly  and  sandy  clay,  and  cross-lami- 
ited  clayey  sand,  all  predominantly  orange-colored,  in  alter- 
ing beds ;  and  it  is  noteworthy  that  here,  as  at  some  other 
>ints,  flakes  and  lines  of  white  plastic  clay  similar  to  those  of 
e  Potomac  arkose  are  occasionally  included  in  the  formation. 
The  formation  continues  to  thicken  and  expand  south  of  the 
ppomattox  river,  until  it  forms  the  surface  everywhere  in  the 
nnity  of  the  fall-line  save  where  it  is  cut  away  by  erosion  or 
acealed  beneath  the  Columbia  deposits.  Typical  exposures 
2ur  along  the  Atlantic  Coast  Line  railway  at  several  points, 
tably  on  the  Koanoke  opposite  Weldon,  N.  C,  where  a  few 
bbly  bands  are  intercalated  within  the  regularly  stratified 
inge-colored  clays  and  sands. 

Cn  brief  the  inland  margin  of  the  Appomattox  formation,  as 
posed  north  of  Roanoke  river,  is  a  moderately  regularly  strati- 
d  sand  or  clay  with  occasional  intercalations  of  fine  gravel, 
nerally  of  pronounced  orange  hue,  and  without  fossils  ;  it 
Lches  .a  thickness  of  probably  50  to  100  feet  and  forms  the 
^dominant  surface  formation  over  a  zone  40  or  50  miles  wide 

the  Roanoke,  but  attenuates  and  narrows  northward,  finally 

^appearing  at  Potomac  creek,  4  or  5  miles  north  of  Freder- 

Kburg ;  and  although  it  appears  to  thicken  seaward  it  soon  dis- 

pears  beneath  tide  level  and  newer  deposits. 

Stratigrajyhic  Relations. — At  Fredericksburg  the  formation 

poses,  sometimes  unconformably  and  again  without  visible  un- 

Qformity,  upon  the  lower  member  of  the  Potomac,  and  like 

lations  are  frequently  exhibited  in  the  vicinity  of  Richmond 

d  Petersburg ;  in  the  bluffs  of  the  Taponi  generally,  and  of 

b  Pamutfkey  two  or  three  miles  north  of  Hanover  Court 

>use,  it  rests  unconformably  upon  fossiliferous  Eocene  bedg  ; 

the  "  Crater "  and  at  a  number  of  other  localities  in  the 

jinity  of  Petersburg  it  rests   without  visible  unconformity 
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upon  f ossilif  erous  Miocene  beds ;  in  the  western  part  of  Peters- 
burg it  lies  directly  upon  the  Piedmont  crystallines  ;  two  miles 
nortneast  of  Bellfield  it  cannot  be  clearly  demarked  from  the 
f ossiliferous  Miocene ;  and  at  Weldon  it  rests  upon  deeply  ra- 
vined  crystalline  rocks  save  where  inconspicuous  remnants  of 
Potomac  arkose  intervene.  It  therefore  reposes  upon  a  founda- 
tion made  up  alike  of  Piecfihont  crystallines,  Potomac  deposits, 
Eocene  clays  and  greensands,  and  Miocene  beds,  all  of  which, 
with  the  possible  exception  of  the  last,  were  deeply  degraded 
before  its  deposition. 

The  formation  is  overlain  only  by  the  alluvium  of  small 
streams,  aeolian  sands,  etc.,  on  the  broad  plains  between  Peters- 
burg and  Weldon,  by  occasional  accumulations  of  wave-washed 
debris  derived  from  its  own  mass  in  the  extensive  Qnatemary 
terraces  prevailing  in  its  area,  and  by  the  characteristic  claya, 
sands,  and  gravels  of  the  Columbia  formation  in  the  vicinity  of 
the  larger  streams. 

Taxonomy. — Since  the  formation  has  yielded  no  fossils,  its 
age  and  relations  can  only  be  determined  by  stratigraphy,  de- 
gree of  alteration  of  materials,  depth  of  erosion,  etc  It  is  mani- 
festly newer  than  the  f ossiliferous  Miocene  upon  which  it  rests, 
and  older  than  the  Columbia  formation  by  which  it  is  overlain; 
and  its  fresh  aspect  and  comparatively  slight  erosion  indicate 
that  its  place  is  much  nearer  the  later  than  the  earlier  of  these 
formations. 

The  Appomattox  formation  is  stratigraphically  continuous 
with  an  extensive  series  of  clays  and  sands  investigated  in 
North  Carolina  by  Kerr,  and  referred  by  him  first  to  the  Quater- 
nary and  subsequently  to  the  Eocene.  Since  the  role  played  by 
these  deposits  is  increasingly  important  southward,  and  since 
they  have  been  casually  recognized  at  many  points  in  the 
Southern  Atlantic  slope,  it  is  probable  that  they  will  be  found 
to  reach  considerable  volume  in  South  Carolina,  Georgia,  and 
Alabama;  and  although  precise  relations  have  not  yet  lieen 
ascertained,  it  is  indicated  not  only  by  physical  consideration!! 
but  by  Fontaine's  recent  studies  in  Virginia  and  Alabama  that 
at.  least  a  part  of  the  Orange  Sand  of  Hilgard  and  other 
southern  geologists  is  equivalent  to  the  Appomattox  formation 
of  the  north  rather  than  the  Columbia,  which  is  not  known  to 
extend  much  farther  southward  than  North  Carolina,  lit 
should  be  noted  that  a  part  of  the  deposits  designated  "  Orange 
Sand  "  by  different  geologists  consist  of  re-arranged  residuary 
debiis  of  the  Tuscaloosa  and  perhaps  other  formations.) 

Too  little  is  yet  known  of  the  Appomattox  fdrmation  to 
warrant  minute  interpretation  of  its  ni6tory  or  correlation  of 
its  record  either  with  those  of  other  deposits  of  the  Atlantic 
Slope  or  with  the  degradation  records  of  the  Piedmont  and 
Appalachian  hills. 

[To  be  continued.] 
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rr.  XXVIII. — A  Diorite  Dike  at  Forest  of  Dean,  Orange 
County,  N.  Y.;  by  J.  F.  Kemp. 

Recent  workings  in  the  Forest  of  Dean  magnetite  mine, 
Orange  Co.,  N.  Y.,  prove  it  to  be  intersected  diagonally  by 
like  of  diorite.  This  rock  was  referred  to  in  the  Keport  of 
5  New  Jersey  Survey  for  1886,  p.  107,  but  not  until  the  last 
nmer  was  the  writer  able  to  take  the  dimensions  under- 
Hind.  The  dike,  about  six  feet  in  width,  intersects  the  mine 
►rldngs  in  the  western  branch  at  an  angle  of  30°,  runs  in 
broken  width  sixty  feet  across,  and  disappears  in  the  foot- 
Jl.  Microscopic  examination  of  a  series  of  sections  along 
length  proves  it  to  be  a  very  typical  diorite  quite  similar  to 
>6e  described  by  Hawes*  from  Compton  Falls  and  by  Har- 
igtonf  from  the  neighborhood  of  Montreal.  The  rock  is  dark 
ay  in  color,  very  fine  grained,  the  component  crystals  being 
>  small  to  be  distinguished  macroscopically.  The  spec, 
avity  varies  from  2*925  to  2*974:. 

Under  the  microscope  it  is  found  to  consist  of  crystals  of 
"tgioclase,  hornblende  and  magnetite,  together  with  certain 
jeration  products  of  the  first  two.  The  hornblende  is  of  the 
dinary  brown  type,  generally  in  well  developed  crystals  show- 
g  the  prism  and  pinacoidal  faces.  It  is  of  rather  light  brown 
Tor,  not  remarkably  pleochroic  c = 5>a.  The  individual  crystals 
iry  from  0#lmm  to  0-3mm.  In  the  more  altered  portions  of  the 
ke  the  hornblende  is  changed  to  a  greenish  mineral  resemb- 
ig  chlorite,  with  threads  and  fernlike  aggregates  of  secondary 
agnetite  penetrating  it.  These  thread-like  aggregates  are 
iceedingly  minute,  not  over  ^-^r01111  in  breadth,  whereas  the 
■iginal  .magnetite  is  in  isolated  angular  masses,  seldom  show- 
ig  octahedral  outlines,  -tV~Tnrmm  m  diameter.  The  magnetite 
free  from  indications  of  titanium.  The  plagioclase  is  m  rod- 
laped  crystals  averaging  0'lmm  by  0*3mm  of  irregular  outline, 
cicular  inclusions  probably  apatite  are  not  infrequent.  The 
ctreme  smallness  of  the  feldspar  crystals  made  any  attempts 
separation  with  the  heavy  solutions  unsuccessful.  Calcite 
id  quartz  appear  as  secondary  products,  corroborating  Rosen- 
lBch's  general  statement  in  regard  to  the  Lamprophyr  group 
'.  the  dike  rocks. 

Compared  with  slides  of  the  Campton  Falls  dike,  the  feld- 
»ar  and  magnetite  are  noticeably  more  abundant,  the  horn- 
ende  less  so,  at  the  same  time  the  crystals  of  the  last  named 
ineral  are  less  elongated  and  smaller  but  much  better  devel- 
►ed.     Compared  with  the  Montreal  dike  much  the  same  may 

*  This  Journal,  III,  vol.  xvii,  p.  147.       f  Geol.  Survey  Canada,  1877-78,  439. 
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be  said,  as  the  latter  resembles  the  Oampton  rock  very  strongly 
in  structure.  Specimens  of  each  were  kindly  given  me  for 
comparison  by  Professor  Hitchcock  and  Dr.  Harrington. 

The  following  analysis  by  the  writer  shows  higher  silica, 
than  the  two  dikes  above  referred  to,  also  more  alumina  and 
iron,  but  less  lime.  Allowing  some  of  the  lime  to  the  horn 
blende,  the  feldspar  appears  to  be  within  the  oligoclase  limits 
of  the  plagioclase  series.  A  number  of  extinctions  on  oo  Pjg'  of 
from  7°-9°  indicated  the  same. 

SiO  48-19 

Al,Of 1679 

FefOf 18-37 

CaO 6-85 

MgO 1-32 

K,0 Ml 

NafO 5-59 

Loss  on  ignition 2*31 

100-53 

Soluble  in  HC1  before  fusion 23*5 

Of  this  Fe,0$ 18-0 

All  the  iron  determined  as  sesouioxide. 

Noticing  in  the  Report  on  Mining  Industry,  10th  Census,  p. 
118,  PI.  IX  V  HI,  a  trap  dike  figured  as  cutting  the  Palmer 
Ore  Bed  near  Lake  Champlain,  I  procured  specimens  of  the 
dike,  but  on  microscopic  examination  they  proved  to  be  dia- 
base. 

Stray  bowlders  of  rock  similar  to  the  Forest  of  Dean  dike 
are  to  be  seen  not  unfrequently  in  field  work  in  the  region,  but 
no  other  definite  locality  is  as  yet  known  to  the  writer. 

Geological  Laboratory,  Cornell  University. 


Art.    XXIX. — New   Lecture  Apparatus  for  demonstration 
of  Reflection  and  Refraction;  by  W.  LeConte  Steyexs. 

The  apparatus  of  which  a  brief  description  is  here  offered 
is  so  simple,  and  in  every  particular  so  much  more  convenient 
than  any  other  designed  for  the  same  purpose,  that  the  writer 
deems  it  worth  bringing  to  the  attention  oi  his  fellow-teachers 
in  physics. 

The  refracting  medium  is  a  hemi-cylinder  of  crown  glass, 
carefully  polished,  and  mounted  so  as  to  turn  on  its  axis  Hori- 
zontally*. The  radius  is  2'5cm,  the  length  5™.  The  axis  pases 
through  the  center  of  a  circle  of  white  card-board,  whose  radius 
may  be  20m  or  SO0"1.    Each  of  its  quadrants  is  graduated  from 
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0°  to  90°,  as  shown  in  the  diagram,  the  diameter  connecting 
the  two  zero  points  being  perpendicular  to  the  face  of  the 
hemi-cylinder.  From  a  horizontal  slit  in  front  of  the  lantern 
a  beam  is  sent  through  the  middle  of  the  glass  and  focussed  on 
the  zero-point  at  the  further  edge  of  the  card-board,  whose 
plane  has  been  slightly  inclined  so  that  the  path  of  the  beam  is 
sharply  defined  upon  it.  The  incident,  reflected,  and  trans- 
mitted beams^are  in  the  same  line,  the  angle  of  incidence  being 
zero. 

The  hemi-cylinder  is  now  rotated  through  any  desired  angle, 
for  example  50°,  as  shown  in  fig.  1.     The  card-board  moves 

1.  2. 


with  it.  The  room  should  be  but  slightly  darkened,  so  that 
there  may  be  no  difficulty  in  reading  the  graduation  on  the 
circle.  Part  of  the  beam  is  reflected  and  part  refracted.  Both 
are  plainly  seen  and  the  angles  of  reflection  and  refraction  are 
measured.  Varying  the  angle  of  incidence  from  0°  to  90°, 
one  readily  observes  that  the  ratio  of  the  reflected  light  to  the 
refracted  light  decidedly  increases.  Turning  still  further,  the 
beam  from  the  lantern  strikes  normally  on  the  curved  surface 
and  is  totally  reflected  within  the  glass  at  its  plane  face  (fig.  2). 
Rotating  still  further,  the  re-appearance  of  the  refracted  beam 
announces  the  critical  angle,  which  is  read  upon  the  circle. 

In  the  common  form  of  apparatus  where  a  beam  is  deflected 
by  a  mirror,  then  sent  through  smoky  air  and  cloudy  water, 
new  adjustments  are  necessary  for  every  variation  of  the  angle 
of  incidence,  involving  some  trouble  and  loss  of  time.  With 
the  *hemi-cylinder  but  one  easy  adjustment  is  needed  for  all. 
The  higher  refractive  index  of  glass  is  an  additional  advantage, 
aside  from  the  superior  definition.  The  expense  is  scarcely 
more  than  that  of  having  the  hemi-cylinder  made  by  a  practi- 
cal, worker  in  glass.  A  small  silvered  mirror  is  substituted  for 
the  hemi-cylinder  if  the  law  of  reflection  alone  is  to  be 
exhibited. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.  On  the  Spectrum  of  the  Residual  Glow. — Crookes  has  ex- 
amined the  spectrum  of  the  residual  phosphorescent  glow  obtained 
when  the  rarer  earths  are  illuminated  by  the  electric  spark  in  a 
modified  form  of  Becquerel's  phosphoroscope.  The  glow  is  ob- 
served through  apertures  in  a  revolving  disk,  twelve  in  number, 
symmetrically  placed.  On  the  axis  of  the  disk  is  a  brass  cylinder, 
having  twelve  teeth  at  one  end.  An  adjustable  spring  presses  oo 
the  teeth,  a  second  spring  upon  the  smooth  surface  of  the  cylin- 
der, these  springs  completing  the  battery  circuit  through  the 
primary  of  an  induction  coil  By  suitably  adjusting  the  former, 
the  spark  may  be  made  to  take  place  at  the  instant  when  the 
substance  under  examination  is  visible  through  the  aperture  in 
the  disk,  or  to  precede  it  by  a  very  short  interval  easily  calcu- 
lated. The  relative  length  of  the  makes  and  breaks  is  adjusted 
by  moving  the  spring  to  or  from  the  bases  of  the  teeth.  Much 
lower  vacua  are  necessary,  since  the  residual  gas  has  no  phospho- 
rescent spectrum.  The  phosphorescent  bands  in  the  spectrum  of 
pure  yttria  do  not  appear  at  the  same  speed  of  rotation.  The 
first  to  appear  is  the  greenish-blue  band  G/?,  then  the  deep  blue 
Go',  the  citron  Go*  and  the  deep  red  Get ;  the  last  at  a  duration 
of  0*0017/3  second.  At  0*00125  second  Go*  and  Gy5  are  equally 
bright  and  G//  just  visible  ;  and  at  -000875  second  all  the  bands 
are  seen  of  their  usual  brightness.  The  author  has  observed  that 
on  adding  strontia  to  a  mixture  of  yttria  and  samaria  and  on  view- 
ing it  in  the  above  phosphoroscope  with  the  wheel  rotating  rap- 
idly, the  line  Go*  is  completely  suppressed  and  the  spectrum  is 
identical  with  that  of  Marignac's  Y<r.  Alumina,  giviug  the  crim- 
son line  lias  a  very  persistant  residual  glow.  Antimony  oxide 
mixed  with  lime  in  the  proportion  of  five  per  cent  phosphoresces 
white  with  a  broad  space  in  the  yellow.  In  the  phosphoroscope 
the  glow  is  green  and  very  strong,  the  red  and  orange  being  ob- 
literated. Chromium  oxide  with  lime  in  the  same  proportion, 
gives  a  pale  red  phosphorescence,  the  red  and  orange  being  cut 
off  in  the  phosphoroscope.  Diamonds  glowing  pale  blue  have  the 
longest  residual  glow,  those  glowing  yellow  coming  next;  those 
phosphorescing  red  have  no  residual  glow.  Zinc  sulphide  (Sidot's 
hexagonal  blende)  phosphoresces  brilliantly  even  in  a  very  low 
vacuum,  with  a  green  light.  As  the  exhaustion  is  increased  the 
edges  of  the  crystals  become  blue,  the  two  colors  finally  being 
equally  bright.  In  the  phosphoroscope,  however,  the  blue  is  visi- 
ble only  at  a  high  speed  while  the  green  lasts  for  an  hour  or  more. 
The  curious  fact  is  noted  that  the  spark  spectrum  of  old  yttrium 
and  of  the  higher  and  lower  fractions  obtained  from  it  are  per- 
fectly identical,  though  the  phosphorescent  spectra  and  chemical 
properties  of  the  three  are  markedly  different ;  and  the  author 
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discusses  his  sub-molecule  theory  and  his  independent  element 
theory  in  regard  to  them.  On  the  latter  theory  the  spark  spec- 
trum may  belong  to  Go\ — JProc.  Roy.  /Soc>  xhi,  111;  J.  Chem. 
Soc,  li,  1066  (abstr.)  Dec,  1887.  g.'-f.  b. 

2.  On  the  presence  of  Chlorine  in  Oxygen  prepared  from  Potas- 
sium chlorate. — Bellamy  has  observed  that  all  of  those  substances 
which  when  mixed  with  potassium  chlorate  facilitate  the  evolu- 
tion of  oxygen  give  rise  also  to  the  production  of  chlorine,  the 
greater  amount  being  set  free  at  the  commencement  of  the  de- 
composition. He  also  calls  attention  to  the  fact  that  all  these 
substances  which  thus  favor  the  decomposition  of  the  chlorate  are 
acidic  in  character,  and  by  taking  up  oxygen  form  acid  oxides  or 
anhydrides ;  as  for  example  the  oxides  of  manganese,  iron,  cobalt 
and  nickel.  In  some  cases  the  activity  is  due  to  admixed  acidic 
bodies,  as  colcothar,  which  contains  generally  basic  sulphate. 
The  peroxides  give  oxygen  up  and  take  it  again  alternately.  In 
the  formation,  even  transitorily,  of  chromates,  permanganates,  etc., 
chlorine  or  its  compounds  must  be  set  free  aud  the  final  residue 
of  the  operation  must  have  an  alkaline  reaction.  If,  however,  the 
chlorate  is  mixed  with  a  basic  oxide  such  as  lime,  magnesia  or 
soda,  no  evolution  of  chlorine  is  observable ;  but  neither  is  any 
acceleration  of  the  decomposition  of  the  chlorate  produced.  The 
author  represents  the  decomposition  in  presence  of  manganese 
dioxide  in  three  stages.  (A)  KC10,+ MnOa=KMn04  +  0  +  Cl. 
(B)  (KMnOJ,  =  K,Mn04  +  MnO,  +  0,.  (C)  KaMn04+MnO,  + 
KClOf=(KMn04)a  +  KCl  +  0.— Ber.  Perl.  Chem.Ges.,  xxi,  (Ref.) 
3,  Jan.,  1888.  o.  f.  b. 

3.  On  the  Interaction  of  zinc  and  Sulphuric  acid. — Muib  and 
Ai>ie  have  studied  the  interaction  which  takes  place  under  vari- 
ous circumstances  between  zinc  and  sulphuric  acid.  Six  different 
grades  of  zinc  were  used,  and  with  acids  varying  in  concentration 
from  H,S04  to  HaS04  (H9O)100.  About  ten  grams  of  zinc  and 
50cc  of  the  dilute  acid  were  used  in  each  experiment.  The  reac- 
tions were  effected  in  small  flasks  each  connected  by  means  of  a 
T  tube  first  with  a  flask  containing  an  ammoniacal  solution  of 
silver  nitrate  and  then  with  another  containing  a  solution  of  iodic 
acid  mixed  with  a  little  starch  paste.  The  experiments  in  many 
cases  continued  for  long  periods,  sometimes  three  weeks,  the 
flasks  being  heated  when  necessary  in  a  zinc  chloride  bath.  The 
results,  which  are  given  in  tabular  form,  show  the  interaction  to 
be  one  of  great  complexity.  While  the  action  is  similar  for  com- 
mercial and  for  approximately  pure  zinc,  the  quantities  of  sul- 
phur dioxide  and  hydrogen  sulphide  diminishing  as  the  zinc  be- 
comes purer,  pure  hydrogen  being  almost  the  sole  gaseous  pro- 
duct when  the  acid  is  diluted  with  ten  or  twelve  parts  of  water 
eveu  at  temperatures  near  the  boiling  point ;  yet  it  is  observed 
that  commercial  zinc  continued  to  give  small  quantities  of  hydro- 
gen sulphide  whatever  the  strength  of  the  acid  and  whatever  the 
temperature.  When  acid  of  the  concentration  H,S04(HsO)9  acts 
on  commercial  zinc  at  100°  scarcely  any  sulphur  dioxide  or  hydro- 


336  Scientific  Intelligence. 

gen  sulphide  is  produced ;  but  at  165°  abundance  of  the  latter 
gas  is  evolved,  and  torrents  of  it  at  180%  with  but  little  of  the 
sulphur  dioxide.  Approximately  pure  zinc  interacting  with  the 
same  acid  at  160°  gives  both  gases  in  abundance.  With  regard 
to  the  appearance  of  sulphur,  the  authors  are  disposed  to  regard 
it  neither  as  a  product  of  the  interaction  of  SO,  and  H,S,  nor  as 
produced  by  the  reducing  action  of  the  hydrogen  upon  the  S0S; 
but  as  rather  due  to  the  mutual  aption  of  hydrogen  sulphide  and 
hot  concentrated  sulphuric  acid.  In  general  it  appears  that  the 
interaction  between  approximately  pure  zinc  and  acid  is  chiefly  a 
direct  chemical  interaction  and  that  .the  products  of  the  reactions 
with  the  less  pure  zincs  are  largely  due  to  the  occurrence  of 
secondary  electrolytic  changes. — J.  Chem.  Soc.9  liii,  47-58,  Jan., 

1888.  G.  F.  B. 

4.  Organic    Analysis  ;    A   Manual  of  the  Descriptive  and 
Analytical  Chemistry  of  certain  Carbon  Compounds  in  common 
use.     By  Albert  B.  Prkscott,  Ph.D.,   M.D.,   Director  of  the 
Chemical  Laboratory  of  the  University  of  Michigan,  etc   bvo, 
pp.  533.     New  York,  1887  (D.  Van  Nostrand.)— This  book  ap- 
pears to  be  a  valuable  addition  to  the  literature  of  technical 
analysis.     For  the  compounds  of  which  it  treats,   it  furnishes, 
first  a  systematic  chemical  description  of  these  compounds,  fol- 
lowed by  the  qualitative  and  quantitative  methods  to  be  pursued 
in  their  examination,  together  with  tests  for  their  purity.    The 
titles  are  arranged  alphabetically  for  convenience  of  reference 
The  references  given  are  copious  and  reliable.     Among  the  articles 
which  seem  to  us  especially  valuable  are  those  on  the  alkaloids, 
classified  as  the  aconite,  the  cinchona,  the  cadaveric,  the  midriatie, 
the   opium   and    the   strychnos   alkaloids;  those    on    elementary 
analysis,  on  fats  and  oils,  on  coloring  matters  and  on  the  tannine - 
Considerable  care  has  evidently  been  exercised  not  only  in  select-' 
ing  the  titles  so  as  to  include  substances  likely  to  be  offered  io»^ 
examination,  but  also  in  giving  the  results  of  the  latest  hm>«. 
gat  ions.     For  clearness,  completeness  and  accuracy,  the  book  ^  m> 
add   to   the   already   excellent   reputation    of  its   author.    It       : 
provided  with  a  full   index  and  is  printed  and  bouud  in  a  ve  ^- 
satisfactory  manner.  g.  f.  b. 

f>.  Practical  Physics  for  Schools  and  the  Junior  Student*  *^ 
( 'of Jt</<$  ;  bv  Bai.foi'R  Stewart  and  W.  W.  Haldane  Ge^  "J 
Vol.  1.  Kleotrieity  and  Magnetism.  16mo,  pp.  xviii,  221,  Louden  1 
18S8  (Maeinillan\fc  Co.)— This  little  book,  though  elemental':! 
is  one  o(  the  best  of  its  kind  in  the  language.  The  arrangenu-  -  * ; 
is  excellent,  the  experiments  well  chosen,  the  descriptions  x*1* 
discussions  clear,  and  the  exercises  admirably  adapted  to  fix  xh\ 
text  in  the  mind  of  the  student.  Morever  the  apparatus  require*1 
is-  si  in]  tie,  much  oi  it  being  constructed  by  the  pupil  himM?/*- 
We  commend  the  book  to  those  teachers  who  are  ensrageJ  '& 
element ary  physical  laboratory  instruction,  as  admirably  suited 
to  their  needs.  "  G.  r.  R 
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6.  Spectrum  of  the  oxyhydrogen  flame. — Professors  G.  D. 
Liveing  and  J.  Dewar  find  that  the  spectrum  of  water  extends 
with  diminishing  intensity,  into  the  visible  region  on  the  one 
hand  and  far  into  the  ultra-violet  on  the  other.  The  latter  por- 
tion they  have  photographed  by  means  of  a  single  calcite  prism, 
asing  a  long  exposure.  "  The  spectrum  exhibits  the  appearance 
of  a  series  of  rhythmical  groups  more  or  less  overlapping  one  an- 
other, and  the  arrangement  of  the  lines  in  these  groups  is  shown 
to  follow,  iu  many  cases  the  law  that  the  distances  between  the 
lines,  as  measured,  in  wave-lengths,  are  in  arithmetical  progres- 
sion." Their  researches  apparently  confirm  the  theoretical  con- 
clusions of  Dr.  Grtlnwald  of  Prague,  for  they  discovered  a  num- 
ber of  lines  which  apparently  occupy  the  positions  which  they 
should  according  to  his  hypothesis. — Royal  Society,  Feb.  2 ; 
Nature,  Feb.  16,  1888,  p.  383.  J.  t. 

7.  Application  of  the  Electrolysis  of  Copper  to  the  Measure- 
ment of  Electric  Currents. — In  the  process  of  standardizing  Sir 
William  Thomson's  new  electrical  instruments,  Mr.  Gray  has 
been  led  to  examine  the  accuracy  of  the  method  by  means  of  the 
deposition  of  copper,  and  concludes  that  the  constant  of  an  elec- 
tric current  instrument  can  be  obtained  with  certainty,  by  this 
method,  to  one-twentieth  of  one  per  cent. — Phil.  Mag.,  March, 
1888,  p.  179.  J.  t. 

8.  Influence  of  light  upon  electrical  discharges. — Hertz  in  a 
previous  number  of  the  Annalen  der  Physik  having  called  atten- 
tion to  a  remarkable  influence  of  the  ultra- violet  rays  upon  elec- 
trical discharges,  E.  Wiedemann  and  H.  Ebert  repeated  his  re- 
searches and  have  confirmed  his  results.  When  a  spark  will  no 
onger  pass  between  the  terminals  of  a  Ruhmkorff  coil,  if  a  beam 
>f  ultra-violet  light  falls  upon  the  electrodes  the  spark  will 
.raverse  the  interval  between  the  electrodes.  Wiedemann  and 
Ebert  show  that  the  effect  is  also  produced  by  the  light  of  burn- 
ng  magnesium  and  that  the  effect  is  confined  to  the  ultra-violet 
•ays;  red  and  green  producing  no  effect.  The  effect  is  produced 
it  the  negative  electrode  and  not  at  the  positive.  The  authors 
itudied  the  effect  in  various  gases,  and  at  different  pressures.  The 
phenomenon  varied  with  the  pressure  and  with  the  medium. 
The  same  number  of  the  Annalen  contains  a  paper  by  W.  Hall- 
svachs  on  the  influence  of  light  upon  electrostatically  charged 
uodies.  He  finds  that  the  ultra-violet  rays  modify  the  charge  and 
ihe  insulating  properties  of  bodies. — Annalen  der  Physik  itnd 
Chemie,  No.  2,  1888,  pp.  241-264,  301-312.  J.  t. 

9.  Wave-lengths  of  standard  lines. — In  a  long  paper  continued 
through  two  numbers  of  the  Annalen  der  Physik,  F.  Kurlbaum 
discusses  the  various  methods  of  measurement  of  wave-length,  and 
skives  the  results  of  the  most  refined  methods  which  his  experience 
bas  led  him  to  adopt.  His  measures  of  the  wave-length  of  one  of 
the  components  of  the  sodium  line,  Dlf  compare  as  follows  with 
;hose  of  previous  observers  : 
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D,=589,  625,  Mailer,  Kempf. 

Z:  \  »* 

602,      Peirce. 
589,  590,  Kurlbaum. 
— Annalen  der  Physik  und  Chemie,  No.  2,1888,  pp.  381-412. 

J.  T. 


IL   Geology  and  Natural  History. 

1.  On  the  distribution  of  strain  in  the  Earth? s  crust  resulting 
from  secular  cooling,  with  special  reference  to  the  growth  of  con- 
tinents and  the  formation  of  mountain  chains/  by  Charlk 
Davison.  With  a  Note  by  6.  H.  Darwin. — Starting  from  the 
results  reached  by  Sir  W.  Thomson  and  independently  by  Prof 
Darwin  in  regard  to  the  rigidity  of  the  earth,  and  from  the  con- 
clusions of  the  former  as  to  the  secular  cooling  of  the  earth,  Mr. 
Davison  has  gone  forward  and  discussed  the  distribution  of  strain 
in  a  solid  globe  resulting  from  secular  cooling  with  reference  to 
the  effect  of  this  distribution  on  the  great  features  of  the  earth's 
surface.  His  conclusions,  as  will  be  seen,  throw  much  light  upon 
what  he  terms  "the  beautiful  contraction-theory  of  mountain  evo- 
lution "  to  which  the  work  of  Thomson  and  Darwin  leads  up. 

The  author  starts  by  supposing  that  the  earth  is  bounded  by  a 
smooth,  spherical  surface  and  is  made  up  of  a  great  number  of 
very  thin  concentric  shells,  each  so  thin  that  the  loss  of  heat  may 
be  considered  throughout  as  uniform.  The  first  conclusions 
reached  are : 

1.  "  That  the  rate  at  which  any  shell  parts  with  its  heat 
increases  to  a  certain  depth  below  the  earth's  surface,  where  it  is 
a  maximum,  after  which  it  decreases  toward  the  center,  and  the 
depth  of  the  surface  of  greatest  rate  of  cooling  is  continually 
increasing,  and  varies  as  the  square  root  of  the  time  that  has 
elapsed  since  the  consolidation  of  the  globe."     Also, 

2.  "  Folding  by  lateral  pressure  takes  place  only  to  a  certain 
depth  below  the  earth's  surface;  at  this  depth  it  vanishes,  and, 
passing  through  it  downwards,  folding  gives  place  to  stretching 
bv  lateral  tension." 

Accepting  now,  for  the  sake  of  simplicity,  174,240,000  years  as 
the  time  that  has  elapsed  since  the  consolidation  of  the  earth,  a 
period  which  lies  well  between  the  limits  set  by  Sir  \V.  Thomson 
and  for  which  the  depth  at  which  the  rate  of  cooling  becomes 
practically  insensible  is  400  miles,  the  following  conclusions  are 
reached  : 

;>.  u(l)  Folding  by  lateral  pressure  changes  to  stretching  by 
lateral  tension  at  a  depth  of  about  five  miles.  (2)  Stretching  by 
lateral  tension,  inappreciable  below  a  depth  of  about  400  miles, 
increases  from  that  depth  toward  the  surface;  it  is  greatest  at  a 
depth  of  72  miles,  that  is,  just  below  the  surface  of  greatest  rate 
of  cooling;  after  this,  it  decreases,  and  vanishes  at  a  depth  of 
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about  five  miles.  (3)  Folding  by  lateral  pressure  commences  at  a 
deptb  of  about  five  miles,  and  gradually  increases,  being  greatest 
near  the  surface  of  the  earth."    Furthermore,  # 

4.  "  Within  certain  limits,  it  is  true  that  the  depth  of  the 
unstrained  surface  increases  as  the  square  root  of  the  time  that 
has  elapsed  since  the  consolidation  of  the  globe."     Also, 

5.  "  Folding  by  lateral  pressure  was  effected  most  rapidly  in 
the  early  epochs  of  the  earth's  history,  and,  since  then,  the  total 
amount  of  rock  folded  in  any  given  time  decreases  nearly  in  pro- 
portion as  the  square  root  of  the  time  increases.  The  same  law 
being  approximately  true  of  the  total  amount  of  rock  stretched 
by  lateral  tension,  it  follows  that  the  ratio  of  the  amount  of  rock 
stretched  to  the  amount  folded  in  a  given  time  is  very  nearly 
constant,  but  in  reality  slightly  diminishing  as  the  time  increases." 

Whila  not  claiming  that  great  weight  should  be  attached  to  the 
numerical  results  obtained,  the  author  goes  on  to  consider  the 
effects  of  crust-stretching  and  folding  on  the  evolution  of  the 
earth's  surface  features.  Assuming  that  the  formation  of  the  great 
continental  masses  took  place  in  the  initial  period  of  the  earth's 
history,  it  follows  that : 

6.  "Owing  to  the  pressure  of  the  continental  wrinkles,  the 
amount  of  stretching  under  them  must  have  been  very  much  less 
than  under  the  great  oceanic  areas.  Thenceforward,  therefore, 
crust-stretching  by  lateral  tension  must  have  taken  place  chiefly 
beneath  the  ocean-basins,  deepening  them  and  intensifying  their 
character.  And,  iu  leading  to  the  continual  subsidence  of  the 
ocean-bed,  it  is  evidently  a  physical  cause  of  the  general  perma- 
nence of  oceanic  areas ;  a  cause,  it  is  true,  continually  receding 
from  the  surface,  and  diminishing  in  intensity  with  the  increase 
of  time,  but  probably  even  now  not  quite  ineffective. 

"  Again,  the  amount  of  crust-stretching  by  lateral  tension  being 
greatly  in  excess  of  the  amount  of  crust-folding  by  lateral  pres- 
sure due  to  secular  cooling,  it  follows  that  folding  beneath  the 
ocean-bed  will  do  little  but  diminish  its  rate  of  subsidence.  The 
effects  of  folding  in  changing  the  form  of  the  earth's  surface 
features  will  therefore  be  most  apparent  in  the  continental  areas, 
especially  in  those  regions  where  the  change  of  vertical  pressure 
above  the  folded  layers  diminishes  most  rapidly,  i.e.9  near  the 
coast-lines  where  the  slope  toward  the  ocean  depths  is  greatest. 
It  is  perhaps  worthy  of  remark  that  these  are  the  districts  where 
earthquake  and  volcanic  action  are  now  most  prevalent.  In  the 
coast  regions,  moreover,  the  products  of  continental  denudation 
are  chiefly  deposited,  and  the  rock-folding  due  simply  to  secular 
cooling  produces  in  vast  masses  of  sediment  still  more  crushing 
and  folding.  The  direction  of  the  folds  will  be  perpendicular 
to  the  average  slope  of  the  surface  above  them,  i.e.y  they  will  gen- 
erally be  parallel  to  the  coast-line.  Hence  the  continents  will 
grow  by  the  formation  of  mountain  chains  along  their  borders. 

"  In  a  given  time,  the  amount  of  rock-folding  resulting  from 
secular  cooling  was  greatest  in  the  first  epochs  of  the  earth's  his- 
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tory,  and  diminished  as  the  time  increased.  It  does  not  neces- 
sarily follow  that  the  early  mountain  ranges  were  the  loftiest  and 
most  massive,  but  probably  they  were ;  and  very  possibly  also, 
the  displacement,  by  crushing  and  folding,  of  two  neighboring 
portions  of  rock  was  greatest  in  early  times.  But,  taking  into 
consideration  the  whole  surface  of  the  globe,  the  process  of 
mountain-making  diminishes  with  the  increase  of  the  time,  and  so 
also  does  the  rate  of  continental  evolution. 

"It  cannot  be  said  that  the  contraction  theory  on  the  hypothesis 
of  solidity  is  entirely  free  from  objections.  Two  very  obvious 
ones  have  already  been  alluded  to  in  the  course  of  this  paper, 
namely  (1)  The  small  calculated  depth  of  the  unstrained  surface, 
especially  in  early  geological  periods;  and  (2)  The  small  propor- 
tion of  folded  rock  to  stretched  rock  directly  produced  by  secular 
cooling.  But  I  do  not  think  that  these  objections  are  by  any 
means  fatal  to  the  theory.  Assuming  the  earth  to  be  practically 
solid,  and  to  have  been  originally  at  a  high  temperature  through- 
out, I  believe  it  may  be  concluded  that  the  peculiar  distribution 
of  strain  in  the  earth's  crust  resulting  from  its  secular  cooling  has • 
contributed  to  the  permanence  of  ocean-basins,  and  has  been  the 
main  cause  of  the  growth  of  continents  and  the  formation  of  moan- 
tain  chains." 

In  the  course  of  his  discussion  the  author  takes  up  the  argu- 
ment of  the  Rev.  O.  Fisher  on  the  insufficiency  of  the  contraction 
theory,  and  gives  several  reasons  why  it  should  be  regarded  as 
inconclusive.  The  subject  discussed  by  Mr.  Davison  is  further 
considered  by  Prof.  Darwin  in  a  note  appended  to  the  paper  of 
the  former;  he  shows  that  some  of  the  conclusions  may  be  reached 
somewhat  more  simply,  and  furthermore  makes  some  deductions  as 
to  the  results  of  distortion  and  the  magnitude  of  the  effects  accom- 
plished. Prof.  Darwin  calls  attention  to  the  fact  that  the  stretch- 
ing of  the  earth's  crust  which  is  of  importance  from  a  geological 
point  of  view  is  the  excess  of  the  actual  stretching  above  that  due 
to  rise  of  temperature — this  if  negative  is  a  contraction  and  i> 
shown  by  a  crumpling  of  strata. 

Assuming  the  time  elapsed  since  consolidation  to  be  100  million 
years,  the  present  depth  of  the  stratum  of  no  strain  is  two  niiles, 
and  the  depth  is  proportional  to  the  time  since  consolidation. 
For  the  upper  layers  of  the  earth  it  is  found  that  the  integral 
effect  is  always  a  stretching,  and  this  is  negative;  that  is,  it  is  a 
crumpling,  as  was  to  be  expected.  As  to  the  amount  of  the 
crumpling,  it  is  found  that  in  ten  million  years  228,000  square 
miles  of  rock  will  be  crumpled  up  and  piled  on  the  top  of  subja- 
cent rocks.     Prof.  Darwin  concludes  : 

7.  "  The  numerical  data  with  which  we  have  to  deal  are  all  of 
them  subject  to  wide  limits  of  uncertainty,  but  the  result  just- 
found,  although  rather  small  in  amount,  is  such  as  to  appear  of 
the  same  order  of  magnitude  as  the  crumpling  observed  geologi- 
cally. 

"  The  stretching  and  probable  fracture  of  the  strata  at  some 
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miles  below  the  surface  will  have  allowed  the  injection  of  the 
iower  rocks  amongst  the  upper  ones,  and  the  phenomena  which 
we  should  expect  to  find  according  to  Mr.  Davison's  theory  are 
eminently  in  accordance  with  observation.  It  therefore  appears 
to  me  that  his  view  has  a  strong  claim  to  acceptance." 

2.  Lavas  of  Krakatoa. — Prof.  Judd  reviews  the  analyses  of 
these  lavas  (Geol.  Mag.,  vol.  i,  1888),  and  shows  that  they  are  es- 
sentially andesyte,  in  which  enstatite  predominates  over  the  py- 
roxene, and  that  much  glass  is  present.  Yet  they  vary  greatly 
in  the  proportions  of  the  constituent  minerals  and  hence  widely 
in  ultimate  composition.  There  is  a  large  difference  also  in  the 
condition  of  the  glassy  base  as  to  its  microlites,  their  number, 
grouping,  and  other  peculiarities.  A  fragment  of  the  obsidian, 
on  approaching  a  white  heat,  swells  up  as  it  melts  into  a  cauli- 
flower-like mass  five  or  six  times  the  size  of  the  original,  proving 
the  presence  of  some  volatile  material  which  is  given  off  at  a 
high  temperature.  The  amount  of  distension  undergone  was 
found  to  be  3£  to  7,  8  or  even  9  times  that  of  the  glass.  The  ob- 
sidian sometimes  contains  knots  of  pitchstone,  the  feldspar  crys- 
tals of  which  show  the  effects  of  a  large  amount  of  corrosion, 
and  sometimes  of  re-solution.  Dr.  Judd  observes  also  that  the 
stony  lavas  sometimes  have  the  feldspar,  pyroxenes  and  magne- 
tite aggregated  in  little  knots,  producing  a  kind  of  structure 
which  he  calls  glomero-porphyritic. 

3.  Oeologie  von  Bayem,  von  Dr.  K.  Willhelm  von  Gumbel. 
First  Part,  Elements  of  Geology.  Lieferung  5,  in  continuation 
of  volume  I,  pp.  961  to  1088  8vo,  with  numerous  illustrations. — 
Although  entitled  Geology  of  Bavaria,  this  work  by  Dr.  von 
Gumbel  so  far  as  published  is  essentially  a  comprehensive  treatise 
on  the  science.  The  sheets  here  issued  treat  of  the  Pliocene, 
Quaternary,  and  Recent  periods,  and  then  commences,  on  p.  1020, 
a  new  division  of  the  work,  on  Geogeny  or  the  development  of 
the  Earth. 

4.  Recent  contributions  to  owr  knowledge  of  the  vegetable  cell. — 
Die  Morphologie  und  Physiologie  der  Pflanzenzelle,  von  Dr.  A. 
Zimmermann.  8vo,  223  pp.  (From  Schenk's  Handbuch  der 
Botanik.)  Die  morphologische  und  chemische  Zusammensetzung 
des  Protoplasmas,  von  Dr.  F.  Schwarz.  1887.  8vo,  244  pp. 
(In  Cohn's  Beitrage  zur  Biologie  der  Pflanzen.  Bd.  V.)  Articles 
in  current  Journals,  cited  in  the  text. 

The  progress  which  modern  methods  of  research  have  permitted 
Vegetable  Physiology  to  make  is  shown  by  even  a  superficial 
comparison  of  the  classical  treatises  of  Mold  (1851)  and  Hof- 
meister  (1867)  with  any  of  the  recent  publications  on  the  same 
subject,  for  example,  with  that  placed  at  the  head  of  the  list 
given  rfbove.  It  will  be  remembered  that  Mohl  described  pro- 
toplasm and  first  gave  it  its  name  in  1846,  and  therefore,  at  the 
time  of  the  publication  of  his  "Vegetable  Cell,"  his  attention  was 
directed  largely  to  the  examination  of  the  cell-contents ;  whereas, 
up  to  that  time,  a  great  part  of  the  study  in  this  field  had  been 
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devoted  to  the  forms,  markings  and  distribution  of  the  structural 
elements.  In  Hofmeister's  voluminous  work,  protoplasm  and  the 
other  cell-contents  receive  the  larger  share  of  space,  and  are 
treated  of  as  fully  as  the  limitations  of  the  methods  then  in  use 
allowed. 

By  the  application  of  improved  processes  of  staining  the  con- 
tents of  cells,  and  especially  by  the  employment  of  the  newer  ob- 
jectives, recent  investigators  have  been  encouraged  to  attack 
problems  which  it  would  have  been  thought  hopeless  even  to 
approach  twenty  years  ago.  It  is  needless  to  dwell  upon  the 
fact  that  pi  any  of  these  problems  have  not  yet  been  satisfactorily 
solved,  and  that  not  a  few  of  them  are  still  unanswered. 

The  present  sketch  will  allude  to  a  few  of  the  contributions 
published  during  the  last  year  or  two,  and  an  attempt  will  be 
made  to  indicate  some  of  the  relations  to  what  has  been  previ- 
ously known. 

In  extended  studies  by  Reinke  and  Rodewald  (1881)  on  the 
chemical  character  of  protoplasm,  it  was  stated  that  the  reaction 
is  alkaline.  By  careful  microchcmical  studies  of  cell-contents, 
Schwarz  (1887)  has  ascertained  by  the  use  of  an  infusion  of  red- 
cabbage  that  the  reaction  of  cell-sap  is  sometimes  acid  and  some- 
times alkaline,  but  that  of  the  protoplasmic  mass  is  always  alka- 
line. This  alkalinity  he  ascribes  to  the  presence  of  potassium 
compounds,  presumably  proteid  combinations.  The  acid  reaction 
detected  in  the  case  of  old  cells  when  all  the  contents  are  placed 
in  contact  with  test  paper  is  due  to  the  considerable  excess  of 
acid  cell-sap. 

Schwarz  has  extended  his  studies  to  certain  points  regarding 
the  structure  and  chemical  constitution  of  protoplasmic  contents 
of  the  cell.  Recent  writers  have  distinguished  more  or  less  com- 
pletely and  with  considerable  diversity  of  nomenclature,  between 
the  general  protoplasmic  mass  of  the  vegetable  cell  and  its  differ- 
entiated protoplasmic  contents.  The  latter,  which  are  always 
imbedded  in  the  former,  are  known  as  the  nucleus  and  the  chro- 
matophores:  the  mass  in  which  they  are  held  is  termed  the  cyto- 
plasm. The  chromatophores  are  three,  namely,  starch-accumu- 
lators, color-granules,  and  chlorophyll-granules.  It  is  with  the 
characters  of  the  cytoplasm,  nucleus  and  chlorophyll-granules 
that  Schwarz  has  been  specially  engaged.  Concerning  the  for- 
mer, he  says  that  in  Cytoplasm  there  exists  no  normal  network, 
but  that  a  part  of  the  mass  can  under  certain  circumstances  be- 
come transformed  into  threads  and  constitute  the  well-known  fr 
brilhe.  Cytoplasm  is  to  be  regarded  as  a  mixture  in  which  under 
certain  conditions  there  can  be  a  separation  of  its  solid,  viscid 
and  fluid  substances.  The  microsomata  (the  very  minute  gran- 
ules which  occur  in  the  cytoplasm)  are  sometimes  of  the  nature 
of  precipitates. 

In  the  nucleus,  Schwarz  discriminates  between  (1)  a  fibrillar 
framework,  (2)  a  basic  substance,  (3)  nucleoli,  and  (4)  an  envelop- 
ing membrane.     The  chemical  constituent  of  the  framework  is 
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med  by  him  linin ;  that  of  the  basic  substance,  paralinin ;  that 
the  nucleoli,  pyrenin ;  that  of  the  peripheral  envelope,  amphi- 
renin :  while  in  the  fibrillar  framework  is  distributed  chroma- 
.  The  chlorophyll  granule  is  believed  by  him  to  possess  nu- 
tous  fibrillae  imbedded  in  a  basic  substance  and  surrounded 

a  plasma-membrane,  but  the  fibrillar  character  is  detected 
ly  when  the  granules  are  swollen  by  immersion  in  water,  and 
portion  of  the  basic  substance  is  dissolved.  Schwarz  distin- 
ishes  two  proteids  in  the  above,  chloroplastin  and  metaxin. 
le  author's  earlier  studies  under  Pfeffer  naturally  led  him  to  ex- 
riment  upon  the  subject  of  precipitation-membranes  and  the 
ied  one  of  vacuolation.  He  holds  that  when  there  is  a  mix- 
•e  of  two  substances,  one  of  which  is  soluble  and  the  other 
toluble  but  capable  of  limited  enlargement  by  imbibition,  there 
n  be  vacuolation ;  but  in  a  mass  of  homogeneous  substance 
3re  can  be  no  vacuolation.  The  author  has  conducted  many  in- 
esting  experiments  relative  to  the  behavior  of  the  different 
Dteids  with  regard  to  digestive  ferments,  and  also  with  regard 
the  action  of  various  metallic  compounds. 
E.  Belzung  (Ann.  Sc.  nat.  bot.  iv,  179,  1887)  has  criticised 
himper's  views  relative  to  the  formation  of  starch-grains  through 
e  agency  of  the  starch-accumulators  (leucoplasts).  He  states 
at  in  many  instances  the  bodies  described  by  Schimper  could 
t  be  found,  and  that  in  many  of  the  cases  where  they  were  seen 
ey  did  not  bear  out  Schimper's  theory.  In  a  rejoinder  (ibid. 
U  v,  p.  77)  Schimper  demonstrates  defects  in  Belzung's  observa- 
>ns  and  shows  that  be  has  no  reason  to  modify  his  original  con- 
isions. 

Keinricher  (Mitth.  bot.  Inst,  zu  Graz,  1)  has  pointed  out  the 
surrence  in  the  tissues  of  certain  Crucifera  of  idioblasts  which 

terms  albuminoid-sacs.  They  arc  best  seen  in  sections  par- 
?1  to  the  plane  of  the  leaf,  in  alcoholic  material  'treated  with 
lion's  reagent  or  in  material  which  has  been  acted  on  by  boil- 
:  water.  The  sacs  or  vesicles  are  more  or  less  curved  and  are 
lerally  simple. 

tt  has  been  known  from  researches  by  Ilanstein  and  DeVries 
it  when  certain  fresh-water  Algae  are  placed  in  a  nutrient  plas- 
►lytic  solution,  for  instance,  a  ten  per  cent  solution  of  glucose 
a  twenty  per  cent  solution  of  cane-sugar,  the  shrunken  proto- 
usmic  mass  still  remains  living  and  even  manifests  some  phc- 
tnena  of  growth.  At  this  point  Klebs  (Ber.  deutschen  bot. 
sellsch.,  1887,  p.  189)  takes  up  the  subject,  showing  that  it  is 
ssible  to  examine  in  this  manner  the  mode  of  growth  of  the 
1-wall.  He  concludes  from  his  observations  that  in  the  case  of 
tucheria  the  growth  is  by  apposition  in  the  newer  walls  and  by 
"etching  in  the  enlargement  of  the  older  walls.  He  examined 
o  the  relations  of  growth  under  these  conditions  to  the  sur- 
lndings,  but  of  these  results  he  has  given  only  a  general  out- 
e.  The  following  statement  relative  to  the  nucleus  is  of  con- 
erable  interest.     From  experiments  on  the  cells  of  Zygnema  and 
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of  Funaria,  in  which  the  protoplasm  was  by  means  of  plasmolysis 
severed  into  parts,  it  was  only  the  segment  which  retained  the 
nucleus  which  was  capable  of  completely  restoring  the  cell:  the 
other  fraction  remains  living  for  weeks,  but  although  such  seg- 
ments of  Zygnema  form  no  new  cell-wall  and  do  not  grow  hi 
length,  they  are  nevertheless  assimilative  and  accumulate  much 
starch.  He  states  that  the  physiological  role  of  the  nucleus  is  as 
yet  wholly  unknown.  It  is  well  to  note  that  in  cultures  like  those 
detailed  by  Klebs  it  is  advantageous  to  add  to  the  liquid  one- 
tenth  of  one  per  cent  of  potassium  chromate  in  order  to  prevent 
the  appearance  of  destructive  fungi  in  the  nutrient  solution. 

Janse  of  Leyden  has  published  interesting  studies  made  at 
the  Zoological  Station  at  Naples,  in  much  the  same  field,  the  dif- 
ference being  chiefly  that  he  employed  salt-water  algae.  (Botan. 
Central bl.,  xxxii,  p.  21.) 

Haberlandt  (Ber.  deutsch.  botan.  Gesellsch.,  v,  205)  has  exam- 
ined the  position  of  the  nucleus  in  certain  vegetable  cells,  and 
concludes  that  in  most  cells  whose  walls  show  a  localized  thick- 
ening or  an  increase  of  surface,  the  nucleus  is  in  close  proximity 
to  the  active  portion.  He  finds  further,  that  from  any  given 
wood-parenchyma  cell  only  one  thy  He  developes,  and  this  on  the 
side  where  the  nucleus  lies  and  where  a  duct  is  in  contact:  the 
nucleus  is  transferred  to  the  thylle.  The  author  has  also  studied 
to  some  extent  the  behavior  of  the  nucleus  in  severed  threads  of 
Vaucheria.  His  observations,  made  independently  of  those  of 
Klebs,  have  led  him  to  about  the  same  conclusions. 

Zacharias  (Botan.  Centralbl.,  xxxii,  59)  has  re-examined  the 
relations  of  the  nucleus  to  its  surrounding  protoplasm,  and  find* 
that  the  latter  does  not  enter  the  nucleus  when  division  is  taking 
place,  but  that  there  is  always  a  distinct  demarcation  between  the 
two. 

Zopf  has  detected  in  the  spores  (conidia)  of  Podosphwra  oxy- 
acanthce,  granules  hitherto  undescribed.  For  them  he  proposes 
the  name  of  Fibrosin-granules,  and  states  that  they  probably  con- 
stitute a  portion  of  the  reserve  matters.  a.  l.  g. 

III.   Miscellaneous  Scientific  Intelligence. 

1.  Beilriigc  zur  Gcophysik:  Abhandlunyen  aus  dem  geograph- 
iai'hen  Sent  hair  der  UniversitM  Strassburg,  herausgegebeu  von 
Prof.  Dr.  Geoiw;  (tkklaxd.  1  Band.  373  pp.,  8vo.  Stuttgart, 
18S7.  (K.  Schweizerbart'sche  Verlagshandlung,  E.  Koch.) — This 
volume  forms  the  iirst  of  a  series  to  be  published  at  intervals, 
perhaps  yearly,  as  the  material  accumulates.  It  contains  papers 
bv  the  members  of  the  geographical  Seminar  of  the  Strassburg 
University,  and  speaks  well  for  the  activity  of  a  teacher  who  can 
inspire  his  pupils  to  accomplish"  such  results.  The  introduction 
by  the  editor  is  an  interesting  and  comprehensive  discussion  of 
the  scientific  scope  of  Geography,  its  various  departments,  aud 
its  relation  to  the  kindred  sciences  of  geology,  anthropology,  etc 
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rhe  memoirs  forming  the  bulk  of  the  volume  are  four  in  number. 
Ilie  first  by  H.  Blink  is  on  the  winds  and  sea  currents  in  the 
egion  of  the  small  Sunda  islands ;  a  second  by  H.  Hergesell  on  the 
ihange  in  the  planes  of  equilibrium  of  the  earth  caused  by  the 
ormation  of  the  polar  ice  masses  and  the  resulting  changes  in  sea 
evel ;  a  third  by  the  same  author  on  the  influence  which  a  change 
q  the  geoid  can  have  upon  the  relative  heights  of  a  plateau  and 
•n  the  fall  in  a  stream  bed ;  a  fourth  by  E.  Rudolph  discusses 
ubmarine  earthquakes  and  eruptions,  as  to  their  phenomena,  dis- 
ribution  and  cause,  with  a  catalogue  of  observed  occurrences  of 
his  kind. . 

2.  Klima  und  QestaUung  der  Erdoberfl&che  in  ihrer  Week- 
elwirkung  dargesteUt  von  Dr.  J.  Probst.  173  pp.  8vo.  Stutt- 
gart, 1887,  (E.  Schweizerbart'sche  Verlagshandlung,  E.  Koch.) — 
The  author's  discussion  of  this  subject  falls  into  two  parts.  The 
irst  embraces  the  consideration  of  the  climatic  conditions  of  the 
uccessive  geological  periods,  and  the  second  takes  up  the  modi- 
ications  and  mutual  relations  between  the  climatic  development 
nd  the  form  of  the  earth's  surface.  The  peculiar  features  of  the 
limate  of  the  early  geological  periods  are  discussed  with  their 
tanses,  and  a  close  similarity  traced  between  this  and  the  true 
»oean  climate  of  the  present  day  in  its  greater  uniformity,  greater 
rarmth  and  peculiar  distribution.  The  consideration  of  the  later 
periods  follows  with  an  attempt  at  an  explanation  of  their  climatic 
onditions.  This  portion  of  the  work  offers  a  number  of  points 
>f  interest  with  less  that  admits  of  criticism  than  the  following 
>art.  It  is  hardly  possible  to  accept  the  author's  estimate  of  the 
ffects  upon  the  fundamental  development  of  the  earth's  features 
•f  the  contraction  caused  by  the  unequal  cooling  of  portions  of 
be  underlying  earth's  crust  by  the  cold  currents  which  form  part 
>f  the  sea's  circulation. 

3.  Beobachtungs  Ergebnisse  der  Nbrwegischen  Polarstation 
Bossekop  in  Alien  von  Aksel  S.  Stben.  I  Theil,  Historische 
Sinleitung,  Astronomie,  Meteorologie,  100  pp.  with  4  plates. 
Christiana,  1887.  (Die  Internationale  Polarforschung  1882-83). 
—This  volume  is  one  of  numerous  contributions  made  to  science 
is  the  result  of  the  labors  at  the  International  Polar  Stations 
established  in  1882.  The  Norwegian  station  was  at  Bossekop  at 
be  end  of  the  Altenfjord,  69°  28'  N.  lat.  and  23°  15'  E.  long. 
rhe  observations  made  extend  over  the  subjects  of  astronomy  and 
neteorology  and  are  given  in  full  detail  in  a  series  of  tables ;  the 
laily  cause  of  the  air-pressure,  temperature,  moisture,  wind  veloc- 
ty,  and  cloudiness  are  given  on  the  closing  plates. 

4.  The  Asteroids,  or  minor  Planets  between  Mars  and  Jupiter  ; 
Xj  Daniel  Kirkwood.  Lippincott  &  Co.,  Philad.  1888.  12°, 
>p.  60. — A  very  convenient  summary  of  facts  and  a  collection  of 
ables  of  the  small  planets.  These  are  followed  by  a  discussion 
vf  the  various  facts  shown  by  the  tables. 

5.  A  Manual  of  Descriptive  Geometry ;  by  C.  A.  Waldo. 
leath  &  Co.,  Boston.     8°,  pp.  77. — A  book  of  suggestions,  defi- 
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nitions,  problems,  etc.,  whose  scope  is  by  no  means  to  be  mea 
by  the  number  of  pages. 

6.  Annals  of  the  Astronomical  Observatory  of  Harvan 
lege ;  Vol.  XIII,  p.  ii.  Cambridge,  1888.  E.  C.  Pickh 
Director.  The  zone  observations  made,  principally  by  Pro 
Searle,  in  the  years  1882-6  with  the  transit  wedge  photo 
attached  to  the  large  equatorial  are  here  published.  The 
measured  are  largely  from  the  zones  observed  by  Bond. 

7.  The  Movements  of  the  Earth ;  by  J.  Norman  Loci 
Macmillan  &  Co.  1887,  8°,  pp.  130. — A  small  volume,  tin 
of  a  series  promised  by  Mr.  Lockyer,  to  give  the  Outlit 
Physiography.  This  volume  explains  the  various  motions  < 
earth,  and  the  first  principles  of  the  measurement  of  spac< 
time  in  Astronomy. 

8.  Publications  of  the  Lick  Observatory  of  the  Uhiversi 
California;  E.  8.  Holden, Director.  Vol.  I.  Sacramento, 
— This  volume  contains  a  history  of  the  institution,  an  accou 
various  observations  made  during  the  progress  of  construct^ 
description  of  part  of  the  instrumental  equipment ;  and  a  ^ 
of  reduction  tables.  | 

9.  Cordoba  Observations. — The  ninth  volume  of  the  Resul 
del  ObservatoHo  Nacional  Argentine,  containing  the  observa 
made  under  Dr.  Gould's  direction  in  1876  has  been  received. 

10.  Elementary  Treatise  on  Analytical  Mechanics;  by  V 
Peck.  319  pp.,  8vo.  New  York  and  Chicago,  1887  (j 
Barnes  <fc  Co.). — The  important  principles  of  analytical  mechi 
are  presented  in  this  volume  systematically  and  with  a  good, 
of  clearness  of  arrangement  though  without  much  claim  to  oi 
ality. 

OBITUARY. 

James  C.  Booth  died  March  21,  at  Philadelphia,  at 
age  of  seventy-eiajht.  He  was  the  author,  with  M.  H.  fl 
of  the  Encyclopedia  of  Chemistry,  published  in  1844,  and  all 
a  report  on  the  Geology  of  Delaware,  with  chemical  notes. 
contributed  a  considerable  number  of  papers  on  chemical  subji 
several  of  them  in  analytical  mineralogy.  He  was  for  many  y 
on  the  staff  ot  the  lT.  Si  Mint  at  Philadelphia, 

ideologic  des  Munsterthals,  von  Pr.  A.  Schmidt,  A.O.,  Prof.  Univ.  Heidel 
*id  part.  Porphyry  17 'J  pp.  Svo.  Heidelberg.  1887  (Carl  Winter's  Univrr* 
buohhnndlunjf). 

IVborsioh  dor  Physiko-jjoographischen  verhaltnisse  des  Europaisehen  1 
land,  wahivmi  dor  vertio&zenen  geologischen  Periodenvon  A.  Karpinski.  4 
Svo,  with  one  plate.     St.  Petersburgrh.  1SS7. 
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XXX. — The  Absolute  Wave-length  of  Light;  by  Louis 

Bell.     Part  IL 

[Continued  from  page  282.] 

[S  continuation  of  my  previous  paper  contains  the  angular 
irements  and  the  details  of  the  measurement  and  calibration 
)  gratings,  together  with  the  final  results.  In  addition  I 
endeavored  to  point  out  the  probable  sources  of  error  in 
recent  determinations  of  absolute  wave-length. 

Angular  Measurements. 

my  former  paper  (this  Journal,  March,  1887)  the  work 
^lass  gratings  was  described  in  detail,  so  that  it  will  only 
3essary  to  summarize  it  here. 

tting  I  was  used  during  October  and  November,  1886,  and 
eight  series  of  observations  were  obtained  as  follows,  each 
consisting  of  three  to  seven  observations. 


Date. 

Number  of  series. 

Angle. 

Oct.  19, 

1 

45°  1'  47' '2 

20, 

1 

45    1    48  '4 

22, 

2 

45    1    48  -2 

23, 

1 

45    1    49  -8 

26, 

4 

45    1    49  -3 

27, 

3 

45     1    48  «2 

31, 

1 

45    1    50  -1 
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Date. 

Number  of  series. 

Angle. 

Nov.    3, 

1 

45°  1'  48''6 

4, 

3 

45     1    47  -4 

5, 

2 

45     1    47    9 

10, 

4 

45    1    47  '8 

11, 

6 

45     1    49  '7 

16, 

8 

45    1    48  -2 

17, 

O 

45    1    47    5 

•20, 

6 

45     1    47   5 

Grating  I  was  used  at  an  average  temperature  of  very  nearly 
20°,  to  which  all  observations  were  reduced.  The  average 
barometric  height  was  761mm,  so  that  no  correction  was  required 
for  this  cause.  Weighting  and  combining  the  above  observa- 
tions the  final  value  is 

^  =  45°  T  48'-24±0'-ll, 

corresponding  to  the  spectrum  of  the  third  order. 

The  resulting  probable  error  in  wave-length  is  about  one  part 
in  a  million. 

Grating  II  was  used  in  March,  1887,  at  an  average  tempera- 
ture of  very  nearlv  20°  and  an  average  pressure  of  760°*. 
Thirty-six  series  of  observations  were  obtained  in  the  fourth 
order,  as  follows : 


Date. 

Number  of  series. 

Angle. 

Mar.     6, 

2 

42°  5'     l'"2 

10, 

1 

42    4    58  '6 

11, 

7 

42    5      1-4. 

15, 

I 

42    5      4    8 

16, 

6 

42    4    57    8 

17, 

6 

42    4    58  -5 

18, 

7 

42    4    59    l 

23, 

6 

42     4    58  *3 

Combining  and  weighting,  the  mean  value  is : 

cp  —  42°  4'  59^28  ±  0"'2. 

The  probable  error  is  equivalent  to  about  one  part  in  six  hun- 
dred thousand  in  the  wave-length. 

Both  the  glass  gratings  were  used  exclusively  for  the  line 
D„  which  was  on  the  whole  most  convenient  for  measurement, 
Da  being  rejected  by  reason  of  the  troublesome  atmospheric 
lines.  The  relative  wave-lengths  of  a  very  large  number  t)f 
lines  have  been  so  exactly  determined  by  rrof.  Kowland  that 
any  one  of  them  would  have  given  results  equally  .valuable,  and 
in  the  subsequent  work  with  gratings  III  and  IV,  two  of  these 
standard  lines  were  employed. 

In  this  second  part  of  the  investigation,  the  gratings  as  before 
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lentioned  were  used  on  the  large  spectrometer  in  which  the 
descopes  were  kept  at  a  fixed  angle  and  the  grating  was  turned. 
*hi6  method  is,  ot  course,  applicable  only  to  very  solid  instru- 
lents  in  which  the  angle  can  readily  be  kept  constant,  and  it 
aould  be  further  noted  that  it  also  requires  the  use  of  very 
erfect  gratings,  since  the  grating  is  usea  asymmetrically.  As 
result  of  this  the  spectra  on  the  two  sides  differ  in  dispersion, 
nd  if  the  ruling  is  irregular  either  in  spacing  or  in  contour  of 
be  individual  lines,  may  differ  quite  widely  in  focal  length, 
efinition  and  illumination.  After  critical  examination  gra- 
ines  III  and  IV  appeared  to  be  so  nearly  perfect  in  ruling,  as 
)  be  quite  secure  from  the  dangers  of  the  method.  The  method 
as  moreover  the  distinct  advantage  of  enabling  the  angle  of 
eviation  to  be  varied  within  certain  narrow  limits.  Hence  it 
ecomes  possible  so  to  arrange  the  apparatus  as  to  give  to  some 
Mivenient  line  a  double  reflection  that  shall  be  an  exact  sub- 
mltiple  of  360°.  This  once  accomplished  it  becomes  an  easy 
latter  completely  to  eliminate  the  errors  of  the  divided  circle 
id  obtain  a  value  of  n<py  dependent  only  on  the  micrometer 
>nstants,  which  in  turn  may  be  themselves  almost  eliminated, 
o  be  sure,  this  method  practically  confined  observations  to  the 
>ectra  of  a  given  order  and  limits  the  choice  of  lines  for  meas- 
•ement,  but  the  first  objection  does  not  apply  to  gratings  of 
hich  the  ruling  is  very  nearly  perfect,  ana  since  the  relative 
ave-lengths  of  a  large  number  of  lines  are  known  with  very 
•eat  exactness,  measurements  of  the  absolute  wavelength  are 
lite  comparable  even  if  made  on  different  lines. 
As  regards  the  constancy  of  the  angle  between  the  collimator 
id  observing  telescope  there  was  every  reason  to  expect  entire 
mnanence  throughout  the  experiments,  and  observation  soon 
stifled  this  expectation.  The  telescopes  were  firmly  secured 
both  ends  to  one  and  the  same  casting,  which  in  turn  was 
*mly  bedded  in  a  brick  pier.  In  addition  the  size  of  the  appa- 
tus  was  such  that  a  variation  of  even  \n  in  the  angle  was  quite 
iprobable.  The  angle  measured  in  the  ordinary  way  with  a 
►llimating  eye-piece  could  be  determined  to  V  of  afc,  exclu- 
de of  errors  of  graduation  in  the  circle.  At  first  there  ap- 
sared  to  be  distinct  variations  in  the  angle  as  determined  at 
e  beginning  of  each  series  of  observations,  reaching  soine- 
mes  more  than  10".  It  soon  appeared  however  that  wnen  the 
me  part  of  the  circle  was  used  the  angle  between  the  tele- 
>pe  was  sensibly  the  same  and  the  apparent  variations  were 
en  traced  to  a  periodic  error  in  the  divided  circle,  which  by 
3  method  of  repetition  was  completely  eliminated  from  the 
>asnrement8  of  angles  of  deviation  and  only  appeared  in  the 
terminations  of  d.  This  error  was  finally  eliminated  by  meas- 
jig  0  in  various  portions  of  the  circle. 
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The  method  of  determining  <p  was  as  follows  :  The  install- 
ment being  adjusted  by  the  ordinary  methods,  a  suitable  line 
was  selected  for  measurement  and  then  the  angle  d  was  slightlj 
increased  or  diminished  until  by  measurement  of  a  double  de- 
flection rap  was  found  to  be  very  close  indeed  to  360°.  Then 
a  double  deflection  was  carefully  measured  and  if  time  per- 
mitted several  times  repeated,  an  observer  always  being  at  the 
eye-piece  to  see  that  the  line  should  not  move  from  the  cross 
hairs  while  the  micrometers  were  being  read.  Then,  clamping 
the  main  circle,  the  grating  holder  was  turned  through  2<p  untfl 
the  line  was  very  closely  upon  the  cross  hairs,  any  slight  read- 
justments made  necessary  by  this  disturbance  of  the  instrument 
were  made,  and  the  process  was  repeated.  In  this  way  the  ini- 
tial line  of  the  circle  was  finally  reached  and  a  value  of  rup  ob- 
tained which  depended  only  on  the  algebraical  sum  of  the 
micrometer  readings,  always  a  small  quantity. 

The  determination  of  the  temperatnre,  a  very  difficult  and 
uncertain  matter  in  the  case  of  glass  gratings,  is  here  compara- 
tively simple.  A  sensitive  thermometer  (Bandin  6156)  was  kept 
in  contact  with  the  grating,  its  bulb  being  carefully  shielded 
by  cotton.  The  construction  of  the  spectrometer  made  it  im- 
practicable effectively  to  shield  the  grating  from  radiation  from 
the  observer's  body ;  but  the  thermometer  apparently  proved 
effective  in  giving  the  real  temperature  since  no  discrepancies 
in  the  results  could  be  traced  to  thermal  canses.  The  thermom- 
eter readings  were  made  to  0o,05,  and  the  temperature  of  obser- 
vation rarely  varied  more  than  two  or  three  degrees  from  20°  C. 

The  temperature  being  thus  obtained,  the  necessary  correction 
was  introduced  directly  into  the  angle  of  deviation.  Writing 
the  formula  for  wave-length  in  the  iorm 

A  =  C  8  sin  qj, 

where  C  is  a  factor  depending  on  the  method  in  which  the 
grating  is  used,  and  differentiating  we  obtain 

—  =  —  cot  (pS(p, 

where  if  we  take  1°  for  the  temperature  variation        is  the  co- 
efficient of  expansion.     Whence 

6s 
s 


6<p= — 


cot  cp 

correction  fori0  variation  in  temperature.     For  grating  III  for 
instance  (fy>=2/ir'688  and  by  this  means  all  the  deviations  were 
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3d  to  20°.     Writing  again  the  equation  for  wave-length  in 
rm  for  the  method  here  used, 

c=sin  cp  cos  0. 

o  obtain  the  variation  in  <p  due  to  a  change  in  the  angle 
en  the  telescopes, 

tf  <p=tan  cp  tan  660. 

g  now  3d  =  1"  and  <p  as  found  in  these  experiments 

tf<p=0*-089. 

is  means  the  necessary  correction  could  be  introduced  in 
gle  of  deviation,  but  the  angle  between  the  telescopes 
)  nearly  constant  as  to  render  this  correction  needless, 
line  selected  for  measurement  with  III  was  a  sharp  one 
green  at  5133*95  of  Rowland's  map.  The  angle  0  between 
escopes  was  adjusted  so  that  in  the  eighth  order  the  double 
;ion  was  72°.  Eighteen  complete  series  of  observations 
hen  obtained,  each  giving  a  value  of  10a?  from  which  the 
of  the  circle  were  completely  eliminated.  The  results  in 
were  as  follows,  corrected  to  20°  on  thermometer  used, 

Date.  <p. 

887. 


Nov 

•  2, 

u 

3, 

tc 

4, 

it 

5, 

u 

5, 

u 

», 

K 

16, 

<C 

16, 

M 

17, 

it 

22, 

U 

29, 

a 

29, 

u 

29, 

u 

30, 

u 

30, 

u 

30, 

Dec. 

1, 

u 

1, 

36° 

0' 

27" 

•19 

36 

0 

25 

•87 

36 

0 

24 

•40 

36 

0 

24 

■P5 

36 

0 

26 

•83 

36 

0 

26 

14 

36 

0 

27 

•40 

36 

0 

27 

•37 

36 

0 

27 

•57 

36 

0 

25 

•16 

36 

0 

25  • 

69 

36 

0 

25 

'99 

36 

0 

25  ■ 

91 

36 

0 

26 

10 

36 

0 

25  ' 

•86 

36 

0 

25 

'81 

36 

0 

25  ' 

'68 

36 

0 

25  ■ 

80 

last  decimal  place  is  retained  simply  for  convenience  in 
ing.  The  mean  value  of  <p  is  36°  0;  26"'07  which  reduced 
j  error  of  thermometer  at  20°  gives  finally, 

<p=36°  0'  23'17. 

robable  error  of   this  value  is  0//#14.     The  effect  of  a 
>rror  in  if  on  the  resulting  wave-length  is  given  at  once  by 

<?A=co8  cpdq>. 
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In  this  case  the  error  introduced  by  an  error  of  1"  in  f 
little  less  than  1  part  in  250000. 

The  mean  value  of  0  during  these  measurements  was 

0=6°  59'  58'-6. 

In  case  of  grating  IV  the  line  selected  for  observation  was 
of  Rowland's  standards  at  w.l.  5914*319  of  his  preliminary 
It  is  a  very  close  double,  the  components  being  distant  from 
other  something  like  yy.^nr  °f  the*r  wave-length.  The  dc 
deflection  was  as  before  72°  but  in  the  fifth  order.  As 
grating  III  eighteen  series  of  observations  were  obtained, 
the  following  resulting  values  of  <p 


Date. 

1887. 

Dec. 

16, 

• 

u 

16, 

cc 

16, 

cc 

19, 

cc 

19, 

a 

19, 

1888. 

Jan. 

12, 

cc 

12, 

u 

12, 

cc 

U, 

1C 

14, 

CC 

», 

cc 

19, 

(C 

19, 

t< 

15>, 

tfc 

•20, 

<; 

20, 

t» 

20. 

f 

» 

36° 

0' 

+r 

•16 

36 

0 

+  0 

•66 

36 

0 

+  0 

•67 

36 

0 

+  0 

•64 

36 

0 

+  1 

"56 

36 

0 

+  0 

•85 

36 

0 

—  ] 

•19 

36 

0 

—  1 

•61 

36 

0 

— 1 

•79 

36 

0 

— 1 

•09 

36 

0 

—  0 

•95 

36 

0 

—  0 

•89 

36 

0 

—  0 

•48 

36 

0 

—  0 

•59 

36 

0 

—  0 

•49 

36 

0 

4-0 

•51 

36 

0 

—  0 

•11 

36 

0 

+  0 

*5o 

The  moan  value,  corrected  as  before  for  error  of  thermon 
is: 

</j  =  35°  59'  59*  06  +  0"'15 

The  effect  of  this  probable  error  is  obviously  the  same 

ease  of  grating  HI.     The  mean  value  of  the  semiaugle  bet 

the  telescopes  was 

0=6°  58'  31'. 

1  hiring  the  ol*servations  with  grating  III  the  baron 
height  reduced  to  the  place  of  observation  was  very  d 
*(;»>n.m  |nit  during  the  work  with  grating  IV  it  was  phenou 
h  high,  reaching  an  average  value  of  706™,  an  amount  : 
tYoin  normal  pressure  as  to  render  a  small  correction  nece 

The  mean  tem]vrature  during  the  observations  with  II 
about  vJl°  0.,  but  in  case  of  IV  it  averaged  almost  exactly  2 
varying  at  most  onlv  two  or  three  degrees  from  that  figur 
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Measurement  of  the  Gratings, 

The  comparator  on  which  this,  the  most  important  portion 
of  the  research,  was  accomplished  was  the  same  one  described 
in  my  previous  paper.  It  had  however  been  improved  in  sev- 
eral particulars.  The  platform  carrying  the  standards  had 
been  fitted  with  smooth  rack  and  screw  adjustments,  and  the 
microscopes  and  micrometers  were  new.  The  illumination  of 
a  grating  under  the  power  used, — two  hundred  and  fifty  diam- 
eters— is  by  no  means  an  easy  matter,  and  at  the  same  time  a 
powerful  and  symmetrical  illumination  is  absolutely  necessary 
tor  the  most  accurate  work,  particularly  in  case  of  rather  small 
grating  spaces.  I  had  been  thoroughly  dissatisfied  with  the 
illumination  previously  used — a  lamp  at  a  suitable  distance — 
and  now  made  a  radical  change.  A  three  candle-power  elec- 
tric lamp  was  attached  directly  to  the  microscope  just  below 
the  eyepiece  and  about  a  foot  above  the  objects  measured.  A 
small  mirror  carried  by  an  arm  screwed  to  the  objective  re- 
flected the  beam  into  the  Tolles  illuminator.  A  glass  bulb 
filled  with  water  surrounded  the  light  and  served  the  double 
purpose  of  stopping  radiation  and  partially  condensing  the 
beam  upon  the  mirror  above  mentioned. 

I  am  aware  that  such  an  arrangement  is  somewhat  revolu- 
tionary, and  it  was  only  after  a  careful  trial  that  I  convinced 
myself  that  the  heat  from  so  near  a  source  was  not  injurious. 

In  the  first  place  it  should  be  noted  that  the  lamp  is  only 
used  for  a  few  moments  at  a  time  and  at  intervals  long  com- 

Eared  with  the  time  of  observation.  Thus  the  very  minute 
eat  wave  that  reaches  the  bar  through  the  bulb  of  water  can- 
not possibly  produce  a  perceptible  rise  of  temperature  during 
the  time  of  an  observation,  while  during  the  intervals  it  is 
completely  dissipated. 

As  an  experimental  fact,  no  heating  effect  whatever  is  sensi- 
ble even  alter  a  whole  day's  observations.  To  show  at  once 
this  fact,  and  the  general  character  of  an  average  series  of 
comparisons  I  subjoin  ten  comparisons  of  DnijS*,  with  a  cer- 
tain decimeter  on  glass,  made  at  intervals  of  about  three- 
quarters  of  an  hour  on  two  successive  days.  The  figures  are 
token  directly  from  my  note  book. 

Date.  .  T= 

June  1,  188V  Dra^4, 


•  (  u 

«  a 

a  u 

<<  u 

a  u 

June  2,  " 


r=  G  +  21d*3 

17°'4 

44  +  21-6 

17  '4 

"  +  22-1 

17  -5 

"  +  22-1 

17  '5 

44  +  20-8 

17    5 

44  +  20-1 

17  '5 

44  +  21-4 

17  -0 

44  +  21-0 

17  -0 

44  +  21-0 

\1  -0 

"  -V  2V0 

VI  \ 
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The  temperature  was  given  by  a  thermometer  in  contact 

with  S%  and  Id  of  the  micrometer  equalled  (y*28.  In  a  com- 
parison of  two  standards  with  such  unequal  coefficients  of  ex- 
pansion as  glass  and  speculum  metal,  the  evil  effects  of  radia- 
tion should  be  at  their  maximum,  but  the  preceding  series, 
including  as  it  does  all  the  experimental  errors  and  Slowing 

an  extreme  variation  of  but  0^*5,  leaves,  I  think,  little  to  be 
desired. 

The  comparator  was  placed  in  a  vault  some  six  feet  below  the 
level  of  the  street,  which  was  provided  with  thick  double  walk 
with  an  air  space  between.  This  observing  room  enabled  the 
temperature  to  be  kept  down  to  a  daily  variation  of  less  than 
half  a  degree,  the  extreme  range  for  several  days  being  fre- 
quently less  than  that  amount  Before  this  vault  in  the  new 
Physical  Laboratory  was  completed  the  comparator  had  l>een 
placed  in  an  upper  room  of  one  of  the  old  buildings,  where  it 
was  well  nigh  impossible  to  keep  anything  like  a  constant 
temperature,  particularly  since  the  heat  was  unavoidably  par- 
tially shut  off  during  the  night.  Owing  to  this  state  of  affairs 
the  measurement  of  the  gratings  on  which  my  preliminary 
wavelength  was  based,  was  made  under  difficulties  and  in 
most  of  the  series  necessarily  under  a  rising  temperature. 
Now  when  a  glass  standard  is  measured  against  a  metal  one, 
glass  being  a  notoriously  bad  conductor,  and  having  a  very 
small  coefficient  of  expansion,  if  any  rise  of  temperature  takes 
place  the  length  found  for  the  glass  will  be  too  small,  for  re- 
sponding less  readily  to  a  change  it  will  be  actually  measured 
at  a  lower  temperature. 

It  therefore  became  necessary  to  re-measure  the  glass  gratings 
Nos.  I  and  II.  to  eliminate  tiiis  source  of  error,  which  was 
done  before  the  results  for  III  and  IV  were  obtained.  These 
gratings  are  very  nearly  3**  long  and  they  were  therefore  com- 
pared with  successive  triple  centimeters  of  S%  until  the  fifteen 
centimeter  mark  was  reached.  Grating  I  was  first  taken  in 
hand  and  six  complete  series  of  observations  were  obtained, 
each  micrometer  reading  being  the  mean  of  several,  and  the 
extreme  limits  of  temperature  variation  during  the  two  days 
occupied  by  the  comparisons  being  0°*3  C.  The  following 
gives  a  summary  of  the  results. 


<<.. 


5G  =  l.vn-S\  +i<TMr 


oG  =  lo    :S\  +  2T5 

;><;  =  15  r-S4s  +  18-1 
oG  =  l,vB-S\  +  239 


*>  At  19°-9  C. 


t    ~    -u   e      , 


,SG  =  KV*S\  -u  2-2-6    | 
,Hi  =  lo-"S%  -  1S-3  J 
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ace  combining  these  and  reducing  them  to  the  standard 
iperature  of  20°  we  have  : 

60000  spaces  =  5G  =  15cmSft,  +  5^-2  at  20° 

?he  micrometer  constant  here  used  was  that  of  the  new 

:rometer  where  13  =  0^-257. 

n  precisely  the  same  way  Grating  II  was  remeasured,  the 

series  giving  the  following  relations 

5G  =  15cmS%  +  157d-4 ' 

5G  =  15cmS%  +  154-9 

5G=  15-S%  +  154-5    lAC 

5G  =  15C»S%  +  152-4    r Al  iy    b  *" 

5G  =  15cmS%  +  154-9 

5G  =  15CU1S%  4-  162-4 

abining  and  reducing  these  results  as  before  we  have  the 
ation 

42640  spaces  =  5G  =  15cmS%4-39^9  at  20° 

;  temperature  variation  in  the  two  days  of  observation  was 
f  0°-2. 

Iratings  III  and  IV  were  then  measured.     In  this  case  a 

;e  number  of  comparisons  were  obtained  at  both  high  and 

temperatures  with  the  object  of  detecting  any  differences 

ch  might  exist  between  the  coefficients  of  expansion  of 

gratings  and  those  of  the  speculum  metal  standards.    Ill 

IV  being  a  little  over  a  decimeter  in  length  were  very 

to  measure,  particularly  since  the  lines  were  very  sharp  and 

^proximately  the  same  width  as  those  on  the  standards. 

T  proved  to  have  sensibly  the  same  coefficient  as  the  stan- 

18.     I  subjoin  the  comparisons  made  at  or  very  near  20°. 

G  =  Dm^,  4-  32d-9 


G  = 

(4 

4-  33-0 

G  = 

<< 

4-  32-7 

G  = 

M 

4-  33-2 

G  = 

<< 

4-  32-3 

G  = 

M 

4-  32-6 

G  = 

« 

4-  34-5 

G  = 

a 

4-  33-4 

G  = 

<< 

+  34-2 

G  = 

u 

4-  32-6 

ombining  these  and   other  series  of    observations  gives 
28418  spaces  =  G  =  Dwj.S",  +  8^-5  at  20° 
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It  should  be  noted  that  the  extreme  variation  in  the  above 

series  is  2*%  very  nearly  0^5,  or  one  part  in  two  hundred 
thousand. 

In  the  ease  of  IV  the  coefficient  appeared  to  be  somewhat 
smaller  than  that  of  S*r  The  range  of  temperature  secured 
was  not  large  but  as  nearly  as  could  be  ascertained  the  coeffi- 
cient is  about  16^-1  per  meter  per  degree,  while  that  of  the 

standards  is  17"  "9  per  meter  per  degree.  However,  since  the 
measurements  of  f  made  with  IV  were  distributed  with  a  tol- 
erable degree  of  symmetry  on  both  sides  of  20°,  any  error  due 
to  an  inexact  value  of  the  coefficient  of  expansion  would  appear 
mainly  in  the  probable  error  in  <p  The  variation  found  would, 
as  a  matter  of  fact  have  changed  the  final  value  of  <p  by  less 
than  0"-2. 

The  comparisons  of  IV  made  near  20°  were  as  follows : 

G  =  Dm,S%  -f  85d-8 


G  = 

44 

-f  35  5 

G  = 

U 

+  35-6 

G  = 

U 

+  36-0 

G  = 

a 

+  34-0 

G  = 

u 

+  35-8 

G  = 

cc 

+  34-6 

G  = 

u 

+  36-3 

G  = 

u 

+  33-3 

G  = 

c< 

+  36-7 

Combining  these  and  the  other  observations, 

39465  spaces  =  G  =  Dn^S*,  +  9^1  at  20°. 

The  probable  error  of  the  relations  found  for  III  and  IV 
can  hardly  exceed  one  part  in  a  million  so  far  as  the  distance 
between  the  terminal  lines  selected  is  concerned.  These  termi- 
nal lines  were  varied  at  each  comparison  so  that  while  each  of 
the  above  relations  represents  39,465  spaces,  the  lines  meas- 
ured between,  though  in  the  same  vicinity,  are  seldom  or  never 
identical. 

In  gratings  I,  II,  III  the  number  of  spaces  was  very  easily 
counted  as  the  dividing  engine  automatically  rules  every  hun- 
dredth line  longer,  and  every  fiftieth  line  shorter,  than  the 
others.  In  grating  IV  the  number  of  spaces  was  found  readily 
enough  by  ruling  at  a  known  tepiperatnre  the  terminal  lines  of 
a  test  plate  almost  exactly  a  decimeter  long,  and  containing  a 
known  number  of  lines.  A  comparison  of  this  with  the 
grating  gave  the  quantity  required. 


*..*. 
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Calibration  of  the  Gratings. 

In  ray  previous  paper  the  need  and  method  of  determining 
the  errors  of  ruling  m  a  grating  were  briefly  noticed.  It  is 
fitting  here  to  enter  somewhat  more  into  detail. 

The  grating  6pace  is  never  perfectly  uniform  throughout  the 
whole  extent  of  the  ruled  surface.  The  variations  may  be  in 
general  classed  as  regular  and  irregular.  In  the  first  class  we 
put  variations  in  the  grating  space  which  are  purely  periodic 
or  purely  linear.  These  produce  respectively  u  ghosts,"  and 
difference  in  focus  of  the  spectra  on  opposite  sides  of  the 
normal.  Either  fault  might  be  large  enough  to  unfit  the  grat- 
ing for  wave  length  determination,  and  would  be  always  unde- 
sirable, but  nevertheless  would  introduce  no  gross  errors  into 
the  result.  Variations  of  the  second  class  include  the  displace- 
ment, omission  or  exaggeration  of  a  line  or  lines,  and  wnat  is 
of  great  importance,  a  more  or  less  sudden  change  in  the  grat- 
ing space  producing  a  section  of  the  grating  having  a  grating 
space  peculiar  to  itself.  The  former  types  of  accidental  error, 
unless  extensive  are  harmless,  and  are  present  in  most  gratings 
usually  showing  as  faint  streaks  in  the  ruling.  It  is  with  the 
last  mentioned  error  that  we  mainly  have  to  do. 

Consider  a  grating  the  space  of  which  is  sensibly  uniform 
except  throughout  a  certain  portion.  Let  that  portion  have  a 
grating  space  distinctly  larger  or  smaller  than  that  of  the  re- 
mainder of  the  grating.  If  the  abnormal  portion  is  a  consid- 
erable fractional  part  of  the  whole  grating  it  will,  in  general, 
produce  false  lines  and  injure  or  ruin  the  definition  of  the 
grating.  Such  a  grating  we  should  nowadays  throw  aside  as 
useless,  although  many  of  the  older  gratings  are  thus  affected. 
Suppose  however  that  the  abnormal  portion  is  confined  to  a 
few  hundred  lines.  Such  a  series  of  lines  will  have  little  bril- 
liancy and  less  defining  power  and  consequently  will  simply 
diffuse  a  certain  amount  of  light  without  either  producing  false 
lines  or,  in  general,  injuring  the  definition.  In  short,  when 
the  full  aperture  of  the  grating  is  used,  the  spectra  produced 
will  be  due  only  to  the  normal  grating  space,  the  abnormal 
portion  having  iittle  or  no  visible  effect.  If  however  we 
attempt  to  evaluate  the  grating  space  by  measuring  the  total 
length  of  the  ruled  surface  and  dividing  it  by  the  number  of 
spaces  therein  contained,  we  shall  obtain  an  incorrect  result, 
since  this  average  grating  space,  including,  as  it  does,  the 
abnormal  portion,  will  be  necessarily  different  from  the  normal 
grating  space  which  produces  the  spectra  observed. 

In  general  if  n  be  the  total  number  of  spaces  and  s  the 
normal  grating,  space  the  length  of  the  ruled  surface  will  be 
i* ,.  — ^  a    ^here  A  is  a  quantity  depending  on  the  magnitude 
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and  nature  of  the  abnormal  portion.     It  will  have  for  its  maxi- 
mum value  E{8— 8%  where  s'  is  the  varying  grating  space,  in 
the  case  when  the  change  in  the  space  is  so  local  and  sudden  as 
to  produce  no  effect  at  all  on  the  spectrum ;  and  will  be  vari- 
ously modified  by  the  considerations  now  to  be  mentioned.    If 
we  could  always  assume  that  the  abnormal   portion  of  the 
grating  produced  no  effect  on  the  spectrum  the  elimination  of 
errors  of    ruling  would   thu6   become   comparatively  simple. 
But  in  practice  it  is  not  very  uncommon  to  find  gratings  in 
which  there  are  several  portions  where  the  spacing  is  abnormal, 
in  one  case  perhaps  producing  no  effect,  in  a  second  producing 
false  lines  and  in  a  third  causing  a  faint  shading  off  of  the 
lines.    For  an  abnormal  portion  will  produce  uo  effect,  a  slight 
shading  or  reduplicated  lines,  according  to  its  extent  and  the 
amount  of  its  variation  from  the  normal. 

The  following  experiment  will  readily  show  the  laws  which 
govern  these  errors  of  ruling.  Place  a  rather  bad  grating — 
unfortunately  only  too  easily  obtained — on  the  spectrometer, 
and  setting  the  cross-hairs  carefully  on  a  prominent  line,  gradu- 
ally cover  the  grating  with  a  bit  of  paper,  slowly  moving  it 
along  from  one  end.  In  very  few  cases  will  the  line  stay  upon 
the  cross-hairs.  A  typical  succession  of  changes  in  the  spec- 
trum is  as  follows :  Perhaps  no  change  is  observed  until  two- 
thirds  of  the  grating  has  been  covered.  Then  a  faint  shading 
appears  on  one  side  of  the  line,  grows  stronger  as  more  and 
more  of  the  grating  is  covered,  and  finally  is  terminated  by  a 
faint  line.  Then  .this  line  grows  stronger  till  the  original  line 
appears  double  and  finally  disappears  leaving  the  displaced 
line  due  to  the  abnormal  grating  space.  This  description.  I 
regret  to  say,  is  from  the  examination  of  a  grating  which  had 
been  used  for  the  determination  of  absolute  wave-length* 
This  case  is  exceptionally  complete,  but  even  with  a  very  good 
grating  minute  displacements  can  usually  be  noticed. 

When  the  abnormal  portion  is  sufficiently  extensive  to  pro- 
duce a  faint  shading  along  one  side  of  the  lines  when  the  full 
aperture  of  the  grating  is  used,  the  effect  of  the  error  on  the 
resulting  wave-length  may  be  in  part  eliminated  by  the  fact 
that  the  shading  would  displace  the  apparent  center  of  the 
line  and  hence  slightly  change  the  observed  angle  of  deviation. 
For  this  reason  a  grating  so  affected  would  be  likely  to  give 
results  varying  with  the  order  of  spectrum  used,  since  the 
appearance  of  the  line  would  vary  somewhat  with  the  illumi- 
nation. It  is  at  once  apparent,  however,  that  no  combination 
of  the  results  from  different  orders  of  spectra  can  possibly 
eliminate  the  class  of  errors  we  are  discussing,  since  the  alge- 

*  Not  by  the  author  it  is  almost  needless  to  add. 
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braic  sign  of  the  error  will  be  the  same  for  all  orders  and  it 
will  be  in  every  case  a  nearly  constant  fraction  of  the  wave 
length. 

The  problem  before  the  experimenter  is  then  the  following : 
To  detect  the  existence  and  position  of  any  abnormal  portion 
of  the  grating  in  use,  to  separate  as  far  as  possible  such  por- 
tions as  produce  a  visible  effect  from  those  which  do  not,  and 
thus  finally  to  determine  the  proper  value  to  be  assigned  to 
the  quantity  A. 

The  investigation  is  somewhat  simplified  by  the  fact  that,  for 
the  most  part,  abnormal  spacing  occurs  at  an  end  of  the  ruled 
surface,  generally  at  the  end  where  the  ruling  was  begun,  since, 
when  the  engine  is  started  it  is  likely  to  run  for  some  little  time 
before  it  settles  down  to  a  uniform  state.  Then,  too,  one  is  able 
to  disregard  the  slight  and  gradual  variations  in  the  grating 
space  wnich  appear  in  every  grating,  since  their  effects  will  in 
general  be  integrated  in  the  spectrum  produced. 

It  only  remains  therefore  to  study  those  larger  and  mofe 
sudden  changes  which  can  produce  a  sensible  error  in  the  result. 
It  is  evident  that  the  process  of  examination  indicated  above 
will  serve  to  detect  tne  more  extensive  faults,  together  with 
any  errors  of  figure  in  the  surface,  but  an  abnormal  portion 
consisting  of  only  a  few  hundred  lines  will  not  have  resolving 
power  enough  to  produce  a  marked  effect.  Making  then  a  slit 
m  a  card  just  wide  enough  to  expose  a  sufficient  number  of  lines 
to  give  tolerable  definition,  one  can  examine  the  grating  section 
by  section,  and  still  further  discriminate  between  the  normal 
and  abnormal  spacing,  errors  of  figure  being  included  as  before. 
But  as  the  number  of  abnormal  spaces  decreases  a  point  will  be 
reached  when  this  method  breaks  down  completely,  and  since 
the  error  in  the  resulting  wave-length  may  be  as  large  in  this 
case  as  when  the  fault  is  more  extended,  another  method  must 
be  sought.  So  far  as  I  know  the  only  method  which  will  de- 
tect and  evaluate  all  these  errors  is  that  which  I  have  called 
calibration,  measuring  the  relative  lengths  of  n  grating  spaces 
taken  successively  along  the  ruled  surface.  The  process  em- 
ployed was  as  follows.  The  stops  of  the  comparator  were  set 
as  close  together  as  practicable,  limiting  the  run  of  the  car- 
riage to  a  distance  which  varied  in  different  cases  from  4  to  10mm. 
Then  the  grating  to  be  examined  was  brought  under  the  micro- 
scope and  micrometer  readings  were  taken  on  the  lines  just 
witnin  the  run  of  the  carriage ;  the  grating  was  then  moved 
along  about  the  length  of  the  run  and  the  process  repeated  till 
the  whole  grating  had  been  gone  over.  The  variations  in  the 
micrometer  readings  then  gave  the  variations  in  the  length  of 
n  spaces  in  different  parts  of  the  grating.  The  only  assumption 
involved  was  that  the  variation  in  the  different  sections  did  not 


360  Z.  Bell — Absolute  Wavelength  of  Light. 

amount  to  an  entire  space,  an  hypothesis  quite  secure  in  gra- 
tings with  spaces  as  large  as  those  employed.  It  was  thus  pos- 
sible to  determine  quite  accurately  the  variations  in  the  grating 
space  throughout  the  whole  grating. 

It  should  be  noted  that  since  these  variations  may  be  of 
almost  any  kind  and  magnitude  the  errors  produced  by  them 
will  not  in  general  be  eliminated  by  combiuing  the  results  ob- 
tained from  several  gratings.  It  may  happen  that  the  gratings 
used  by  one  experimenter  will  have  errors  that  will  counter- 
balance each  other,  while  those  used  by  another  will  all  have 
errors  of  the  same  sign.  For  instance,  by  the  merest  accident 
the  gratings  used  by  the  writer  gave  nearly  identical  results 
corrected  and  uncorrected,  while  those  used  by  Peirce  uniformly 
required  a  reduction  in  the  resulting  wave-length.  The  num- 
ber of  gratings  used  by  a  given  investigator  is  however  so  small 
that  the  errors  will  very  seldom  be  eliminated,  while  no  com- 
bination of  the  results  obtained  from  different  orders  of  the 
same  grating  can  produce  any  useful  effect  whatever. 

Each  of  the  gratings  used  in  this  research  was  examined 
minutely  by  the  above  methods  and  in  each  was  found  an  ab- 
normal portion  of  one  sort  or  another.  Of  eight  gratings  which 
I  have  calibrated  all  have  shown  a  similar  error  and  of  more 
than  twenty  which  I  have  examined  in  the  spectrometer  only 
one  (grating  III)  failed  to  show  an  abnormal  section  at  one  end. 
Since  this  is  the  commonest  form  of  the  error  in  question,  it  is 
but  natural  to  inquire  why  it  cannot  be  avoided  by  covering 
the  defective  end.  The  reason  is  simple  enough.  By  stopping 
out  the  defective  portion  the  grating  is  reduced  to  an  incom- 
mensurable length  which  enormously  increases  the  difficulty  of 
measuring  it.  A  grating  which  is  in  length  some  convenient 
submultiple  of  a  meter  is  easy  to  measure  with  a  comparatively 
high  degree  of  exactness,  but  one  which  is,  say,  twenty  seven 
millimeters  long,  is  exceedingly  difficult  to  measure  accurately 
since  it  involves  a  long  micrometer  run  or  the  errors  of  sub- 
division down  to  single  millimeters.  It  is  therefore  better  to 
use  the  full  aperture  of  the  grating  and  nnd  A  by  calibration. 

In  calibrating  the  gratings  used,  I  divided  I  and  II,  which 
were  thirty  millimeters  long,  into  six  sections  of  o^1",  and  the 
large  gratings  III  and  IV  into  centimeters.  Each  grating  was 
carefully  gone  over  five  times  and  the  mean  result  taken.  The 
following  corrections  were  found. 

The  actual  variations  found  in  each  grating  are  given  below, 
the  figures  given  being  the  difference  of  n  lines  from  the  dis- 
tance between  the  stops,  the  lines  being  taken  in  the  consecu- 
tive sections  of  the  gratings. 
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Grating  I. 

Sections  1  2  3  4  5  6 

liduals,        <y"'78         0*98  0*81  1*03  0*86       1*24 

Grating  II. 
Sections         12  3  4  5  6 

siduals,     2^07  1'93  1'52  P68  1-31         045 

Grating  III. 

Sections    123456789  10 

iduals,   2^-80    2*85    1*77    277    2'7()    277  267    264  273  2'77 

Grating  IV. 

Sections    12  3456789        10 

iduals,    0^31    0-28    0*35    043    0'40  043  0*31   0'35  0*28  0'82 

?he  calibration  of  III  is  worth  describing  in  detail.  Cen- 
eter  3  was  evidently  too  long.  I  therefore  measured  the 
timeters  from  15  to  25°"°  and  from  25  to  35miD.  The  former 
i  quite  normal  but  the  latter  showed  an  increase  almost  iden- 
,1  with  that  of  the  whole  third  centimeter.  I  then  examined 
grating  in  a  strong  light  and  detected  at  27mm  from  the  end, 
tint  line,  such  as  usually  indicates  a  few  wavering  lines  caused 
haps  by  dust  under  the  diamond  point  Placing,  however, 
\  line  under  the  microscope  a  band  .of  perhaps  twenty  lines 
►eared  with  spacing  noticeably  wider  than  usual.  Here  was 
ery  serious  flaw  in  a  grating  to  all  appearance  absolutely  per- 
t.  A  most  critical  examination  in  the  spectrometer  of 
rse  failed  to  detect  it,  but  it  was  both  detected  and  located 
h  unerring  certainty  by  the  process  of  calibration.  Micro- 
;rical  measurements  on  this  group  showed  an  excess  of  about 

>  over  an  equal  number  of  spaces  elsewhere  on  the  grating. 
&  quantity  of  course  had  to  be  taken  account  of  in  connec- 
i  with  the  previous  calibration. 

.^he  deduction  of  the  necessary  corrections  from  the  data 
en  by  calibration  requires  no  little  care  and  judgment,  and 
be  properly  done  only  in  connection  with  a  detailed  study 
;he  spectra  given  by  various  portions  of  the  gratings  con- 
led.  For  the  four  gratings  used  by  the  author,  these  cor- 
dons, applied  directly  to  the  lengths  of  the  gratings  in  the 
n  of  the  quantity  A  before  mentioned,  are  very  nearly  as 
ows : 

Grating.  A 

I -0^-10 

II +  040 

III —  200 

IV ". +  0-45 
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It  should  be  distinctly  understood  that  the  corrections  deduced 
from  the  calibration  are  necessarily  only  approximate.  A  very 
minute  examination  of  a  grating  on  the  spectrometer  is  impos- 
sible, since  a  small  section  of  the  ruled  surface  has  not  sufficient 
resolving  power  to  give  measurable  spectra.  On  the  other  hand, 
while  calibration  gives  the  variations  of  the  grating  space  with 
a  high  degree  of  exactness,  it  obviously  cannot  definitely  decide 
how  far  these  variations  are  integrated  in  the  spectrum  measured. 
Consequently  while  calibration  will  in  every  case  give  a  vain- 
able  approximation,  it  must  necessarily  leave  residual  errors. 

In  these  experiments  the  gratings  were  always  measured  par- 
allel to  the  terminations  of  the  lines.  Consequently  the  length 
of  each  grating  as  found  directly  must  be  multiplied  by  cos 
(90u— a),  where  a  is  the  angle  made  by  an  individual  line  with 
the  line  formed  by  the  locus  of  the  terminations.  In  case  of 
gratings  I,  II,  III  this  angle  was  found  by  measuring  a  test 
plate  as  described  in  my  previous  paper  and  was  found  to  be 
within  a  very  few  seconds  of  89°  56'. 

Grating  IV  ruled  on  the  new  engine  was  tested  by  measur- 
ing the  sides  and  diagonals  of  the  ruled  surface  and  gave  an  al- 
most exactly  identical  value  of  a.  No  correction  therefore  need 
be  introduced  for  this  cause,  since  cos  (90°— a)  does  not  difier 
sensibly  from  unity. 

Final  result* for  Absolute  Wave-length. 

Only  one  equation  needs  to  be  added  to  those  already  given 
for  Saa.  This  i6  the  one  for  the  third  5cra  space,  necessary  to  de- 
termine the  absolute  length  of  the  first  15om.  5Cm,  (3)  and  (4) 
were  compared  and  the  following  relation  was  found  between 

them:  (4)  =  (3)  +  (V-4.  The  relation  found  in  1885  was 
(4)=(3)-f  l^'l.  Consequently  (3)  has  not  sensibly  shortened  and 
nearly  the  whole  change  found  in  S%  has  taken  place  in  the 
last  five  centimeters.     Writing  now  the  absolute  lengths  of 

Dm1  S%  and  15cm.  S*„ 

Dm,  Saa  =  100-00666mm  at  20°. 
15cm  Sa„=  150-00897  at  20°. 

Applying  now  the  relations  found  for  grating  I  in  the  fore- 
going section, 

8  =  0'002500226mm 
And  since  go  =  45°  1'  48"-24 

1  =  5896*18 

Similarly  for  grating  II, 

8  =  0-(>03519041mm 
<f>  =  42°  A'  59"*28 
*  =  5896*23 
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ig  the  similar  quantities  for  the  speculum  metal 
and  IV,  for  grating  III, 

*=0  0035l9358mm 
<p=3Q°  0'  25"'17 
6  =  6°  59'  58*  56 
1  =  5133-89 

ing  IV, 

8  =  0-002534306mm 
q>  =  35°  59'  59"'()6 

0  =  6°  58' 31" 

1  =  5914-37 

now  these  latter  wave  lengths  to  the  corresponding 
>„  introducing  the  barometric  corrections  and  com- 
Snal  results  for  that  line  are 

w.  L. 

5896*18 

589623 

589615 

5896-17 

hen,  the  mean  value  of  the  absolute  wave-length  of 
of  the  mean  value  assigned  to  S%  is 

5896-18 

►mm  pressure  and  20°  C.  temperature,  or  in  vacuo, 

5897*90 

-  matter  to  form  an  estimate  of  the  probable  error  of 
suit.  So  far  as  errors  of  observation  go,  the  result 
>rrect  to  within  one  part  in  half  a  million,  but  there 

complex  sources  of  constant  errors  in  this  problem 
statement  means  little.  My  present  result  exceeds 
d  probable  error  of  my  former  result  considerably, 
lis  within  the  limit  set  by  Prof.  Rowland  and  my- 
possible  error  and  noted  in  his  paper  on  "  Relative 
h  "  of  the  same  date  as  my  own.     The  cause  of  this 

is  partly  due  to  the  varying  temperature  under 
lass  gratings  were  first  measured,  and  partly  to  the 
le  value  assigned  to  the  standard  of  length.* 
,  the  corrections  applied  to  gratings  II  and  III  may 
n  error.  Taking  into  account  all  these  sources  of 
it  is  my  opinion  that  the  above  final  result  is  not 
in  error  by  an  amount  as  great  as  one  part  in  two 
)usancL 

>f  the  length  I  originally  assigned  to  S*j  the  wave-length  of  J)t 
14,  while  if  the  value  deduced  from  the  Berlin  comparison  were 

be  5896-22.  The  wave-length  quite  certainly  lies  between  these 
proper  weight  to  be  given  to  the  Berlin  comparison  relatively  to 

ther  uncertain. 

n.— Third  Series,  Vol.  XXXV,  No.  209.— Mat,  1888. 
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Taking  the  above  value  of  the  absolute  wave-length  and  ap 
plying  the  appropriate  corrections  to  some  of  the  fundamental 
lines  given  in  rrof.  Rowland's  paper  (this  Journal,  March,  1886] 
the  wavelengths  of  the  principal  Fraunhofer  lines  in  air  at  20 
and  760mm  are, 


At  Una  between  "hrtd"\  *7A01  *Q1 

V«ad  "Ull  "  of  groapj  -  - lO^I   OX 

B  "  6884-11 

C 6563-07 

D^.. 5896-18 

D„ 5890-22 

Et 5270*52 

E9 5269*84 

b, 518382 

F 4861-51 


Comparisons  between  these  wavelengths  and  the  older  ones 
become  somewhat  uncertain  toward  the  ends  of  the  spectrum 
since  the  appearance  of  lines  like  A,  B,  G  and  H  vary  so  much 
with  the  dispersion  employed.  The  relative  wave-lengths  above 
given  are  certainly  exact  to  within  one  part  in  half  a  million. 
'  It  may  not  be  out  of  place  here  to  discuss  the  most  recent  work 
on  this  problem.  Just  before  the  publication  of  my  first  paper 
the  very  elaborate  paper  of  M  tiller  and  Kempf  appeared.  Their 
work  is  a  monument  of  laborious  research  and  it  is  unfortunate 
that  so  much  time  should  have  been  spent  in  experiments  con- 
ducted with  glass  gratings  of  small  size  and  inferior  quality. 
Since  the  invention  of  the  concave  grating,  it  is  a  waste  of  en- 
ergy to  make  micrometric  measurements  with  plane  ones,  and 
this  statement  could  hardly  be  corroborated  more  strongly  than 
by  the  relative  wave-lengths  given  by  Miiller  and  Kempf/  The 
probable  error  of  their  wave-lengths  is  in  general  not  less  than 
one  part  in  two  hundred  thousand.  That  the  value  assigned 
by  them  to  the  absolute  wave-length  is  as  near  the  truth  as  it 
probably  is,  is  due  to  no  lack  of  faults  in  the  gratings.  Their 
results  for  the  line  D,  were  as  follows: 

Gratia*.  W.  L. 

"2151" 5896-46 

"5001  " 5896*14 

"8001  " ._ 5895-97 

"8001L" _ 5896-33 

A  discussion  of  these  errors  as  exemplified  iu  the  paper 
under  consideration  would  take  up  too  much  space  to  be  in- 
serted here,  but  one  or  two  points  are  worthy  of  notice. 
When  a  grating  gives  different  results  in  the  different  orders,  . 
it  is  evident  that  there  are  in  it  serious  errors  of  ruling,  and 
the  maximum  amount  of  the  variation  will  give  a  rough  esti- 
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aate  of  their  size  as  compared  with  those  of  other  gratings. 
Applying  this  test,  the  four  gratings  rank  as  follows :  u  5001," 
'  8001  L,"  "  2151,"  u  8001,"  where  the  first  which  gave  for  the 
v.  1.  5896*14,  had  no  sensible  variation  in  the  different  orders 
tnd  the  last,  which  gave  5895*97,  varied  in  the  most  erratic 
ashion.  It  by  no  means  follows,  however,  that  because  a 
^rating  gives  identical  results  in  the  various  orders,  it  is  there- 
ore  free  from  errors  of  ruling.  Witness  Grating  III  of  this 
>aper  in  which  the  error  was  of  a  kind  which  could  not  be  de- 
ected  at  all  in  the  spectrometer.  Yet  it  was  large  enough  to 
jive,  if  neglected,  5896*28  for  the  wave-length  of  Dx.*  Speak- 
ng  of  errors  in  gratings  a  case  in  point  is  the  work  of  Peirce. 
3n  account  of  the  reasons  heretofore  noted  Peirce's  standards 
>f  length  are  somewhat  uncertain  in  value  so  that  no  definite 
correction  can  be  as  yet  applied  to  his  wave-length  from  this 
tause.  Three  of  his  gratings,  however,  I  have  calibrated,  and 
jach  of  them  showed  an  error  tending  to  diminish  the  wave- 
ength.  If  the  mean  result  obtained  from  these  had  been 
iflsumed  to  be  correct  it  would  have  been  equivalent  to  the 
ntroduction  of  a  constant  error.  Peirce's  preliminary  result 
b  for  this  reason  too  large  by  more  than  one  part  in  a  hundred 
housand ;  how  much  more,  it  is  impossible  to  say  without 
mowing  the  results  obtained  from  each  grating  an,d  so  being 
ible  to  apply  the  corrections  found.  Peirce's  method  was 
mch  as  should  have  secured  very  excellent  results  and  such 
will  undoubtedly  follow  a  further  investigation  of  the  stan- 
lards  and  gratings.  Still  another  recent  determination  is  that 
)y  Kurlbaum,  who  used  two  good  sized  speculum  metal  grat- 
ngs  and  measured  them  with  particular  care.  Like  the  previ- 
)U8  experimenters  he  neglected,  although  he  did  not  ignore, 
he  errors  of  ruling  and  consequently  the  results  he  obtained 
ire  somewhat  in  doubt.  A  serious  objection,  moreover,  to  his 
vork  is  the  very  small  spectrometer  he  used.  To  undertake  a 
ietermination  of  absolute  wavelength  with  a  spectrometer 
eading  by  verniers  to  10"  only,  and  furnished  with  telescopes 
>f  only  one  inch  aperture  i6  simply  courting  constant  errors. 
kfore  especially  is  this  true  since  it  would  be  hard  to  devise  a 
oethod  more  effective  in  introducing  the  errors  of  ruling, 
han  to  use  a  grating  with  telescopes  too  small  to  utilize  its 
nil  aperture,  and  then  determine  the  grating  6pace  by  meas- 
uring the  total  length  of  the  ruled  surface.  Kurlbaum's  grat- 
ngs,  too,  were  of  an  unfortunate  size,  42  and  43mm  broad 
eepectively,  and  consequently  by  no  means  easy  to  measure. 
hi  the  whole  his  result,  5895*90  is  not  surprising. 

*  The  results  given  by  the  gratings  used  by  the  author,  neglecting  the  correc- 
dq  A  would  be  as  follows : 

I.  5896*20;  II,  5896  14;  III,  589628;    IV,  589612 
oriously  enough  the  mean  would  be  practically  unchanged. 
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The  agreement  of  relative  wave-lengths  as  determined  bj 
different  experimenters  unfortunately  gives  no  measure  as  to 
the  accuracy  of  the  work.  The  relative  wave-lengths  as  de- 
termined by  Miiller  and  Kerapf  and  by  Kurlbaum  agree  in  gen- 
eral to  within  1  part  in  100,000 :  tne  absolute  wave-lengths 
assigned  by  these  experimenters  vary  by  more  than  1  part  in 
30,000. 

A  very  ingenious  flank  movement  on  the  problem  of  abso- 
lute wave-length  has  been  made  by  Mace*  de  L6pinay.  His 
plan  was  to  use  interference  fringes  in  getting  the  dimensions 
of  a  block  of  quartz  in  terms  of  the  wave-length,  and  then  to 
avoid  the  difficulties  of  the  linear  measurement  by  obtaining 
the  volume  through  a  specific  gravity  determination.  His  re- 
sults do  not  indicate,  however,  experimental  accuracy  as  grett 
as  can  be  obtained  by  the  usual  method,  and  the  final  reduc- 
tion unfortunately  involves  a  quantity  even  more  uncertain 
than  the  average  standard  of  length,  i.  e.,  the  ratio  between  the 
meter  (?)  and  the  liter. 

It  may  be  interesting  here  to  collect  the  various  values 
which  have  been  given  for  the  absolute  wave-length  within 
recent  years.     Results  are  for  the  line  Dr 

Mascart 5894*3 

Van  der  Willigen 5898*6 

Angstrom 5895*13 

Ditscheiner 5897*4 

Peirce 5896*27 

Angstrom  corrected  by  Thalen 5895*89 

Miiller  and  Kempf 5896*25 

Mace*  de  Lepinay 5896*04 

Kurlbaum 5895*90 

Bell 5896-18 

These  figures  are  discordant  enough.     When  beginning  the 
present  work,  I  had  hoped  that  it  would  prove  possible  to  make 
a   determination    of    absolute   wave-length    commensurate  in 
accuracy  with  the  relative  wave-lengths  as  measured  by  Prof. 
Rowland.     This   hope    has  proved  in  a  measure  illusory,  by 
reason  of  the  small  residual  errors  of   the  gratings  and  the 
greater  uncertainty  involving  the  standards  of  length.     I  feel 
convinced,  however,  that  the  result  reached  is  quite  near  the 
limit  of  accuracy  of  the  method.     It  should  be  remembered 
that  any  and  every  method  involves  the  uncertainty  of  the 
standards  of  length,  an  uncertainty  not  to  be  removed  until 
a  normal  standard  is  finally  adopted  and  exact  copies  of  it  difr 
tributed.     And  as  far  as   experimental   difficulties   are  con- 
cerned, the  next  order  of  approximation  will  involve  a  large 
number  of  small  but  troublesome  corrections,  such  as  the  effect 
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f  aqueous  vapor  on  atmospheric  refraction,  varying  baro- 
letric  height,  the  minute  variations  in  the  grating  space, 
lilure  of  thermometer  to  give  temperature  of  grating  exactly, 
od  countless  others  which  will  suggest  themselves  only  too 
eadily. 

Aside  from  the  use  of  gratings,  decidedly  the  most  hopeful 
lethod  as  yet  suggested  is  that  due  to  Michelson  and  Money.* 
theoretically  the  plan  is  particularly  simple  and  beautiful,  con- 
Eating  merely  in  counting  off  a  definite  number  of  interference 
ringes  by  moving  one  or  the  interfering  mirrors  and  measur- 
ag,  or  laying  on  upon  a  bar,  the  resulting  distance.  The 
aechanical  difficulties  in  the  way,  are  however  formidable, 
nd  whether  or  no  they  can  be  surmounted  only  persistent 
rial  can  show.  The  possible  sources  of  error  are  of  much  the 
ame  type  and  magnitude  as  those  involved  in  the  comparison 
if  standards  of  length,  and  if  these  errors  are  avoided,  the 
incertainty  concerning  the  standards  still  remains.  Whether 
>r  no  the  practical  errors  of  the  method  are  greater  or  less 
than  with  gratings  only  experience  can  prove.  Certainly  if 
the  method  is  capable  of  giving  exact  results  it  is  in  the  hands 
rf  one  able  to  obtain  them  from  it. 

In  closing  this  paper  I  can  only  express  my  sincerest  grati- 
tade  to  the  various  friends  who  have  done  all  in  theirpower 
k>  facilitate  my  work,  and  especially  to  Professor  W.  A. 
Sogers  who  has  been  tireless  in  his  endeavors  to  determine  the 
toe  value  of  the  standards  of  length ;  to  Mr.  J.  S.  Ames,  Fel- 
>W  in  this  University,  who  has  given  me  invaluable  aid  in  the 
rork  with  metal  gratings  ;  and  to  Professor  Rowland  who  has 
lrnished  all  possible  facilities  and  under  whose  guidance  the 
^tire  work  has  been  carried  out. 

Physical  Laboratory,  Johns  Hopkios  University,  March,  1888. 


^BT.    XXXI — Three  Formations  of  the   Middle  Atlantic 
Slope;  by  W.  J.  McGee.     (With  Plates  VI  and  VII.) 

(Continued  from  page  330.) 

The  Columbia  Formation. 

General  Characters. — The  Columbia  formation  exhibits  two 
liases  which,  although  distinct  where  typically  developed,  inter- 
fcaduate.  The  thicker  and  more  conspicuous  phase  occurs  com- 
lonly  along  the  great  rivers  at  and  for  some  miles  below  the 
ill  line,  and  may  be  designated  the  fluvial  phase ;  while  the 
linner  generally  forms  the  surface  over  the  remainder  of  the 
plain,  and  may  be  designated  the  interfluvial  phase. 

*  This  Journal,  III,  xxxir,  427. 
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The  first  phase  is  bipartite,  the  upper  division  consisting  of 
massive  or  obscurely  stratified  brick  clay,  loam,  and  fine  sand, 
and  the  lower  of  stratified  and  cross  laminated  gravel  and 
coarse  sand,  containing  abundant  erratic  bowlders ;  while  the 
second  consists  of  an  indivisible  bed  of  gravel,  sand,  clay,  et&, 
chiefly  of  local  origin  and  thus  varying  from  place  to  place 
though  tolerably  homogeneous  in  each  exposure.  The  first 
phase,  too,  is  confined  to  limited  altitudes,  approximately  con- 
stant on  each  river  but  rising  northward,  while  the  second 
occurs  indiscriminately  at  the  highest  and  lowest  altitudes 
within  the  Coastal  plain,  its  thickness  culminating  at  the  lower 
levels  and  along  the  coast. 

TAe  Fluvial  Phase. — The  bipartite  phase  of  the  formation 
is  well  developed  along  all  of  the  larger  rivers  of  the  Middle 
Atlantic  slope,  but  most  characteristically  and  extensively  on 
the  Potomac,  the  Susquehanna,  and  the  Delaware. 

The  deposits  on  the  Potomac. — Washington  lies  within  a 
rudely  triangular  amphitheater  opening  southward,  into  which 
the  Potomac  falls  from  the  northwest  and  the  Anacostia  from 
the  northeast,  the  former  passing  from  torrential  to  estuarine 
condition  and  turning  southward  within  the  limits  of  the 
city.  The  western  side  of  the  amphitheater  is  the  Piedmont 
escarpment,  which  south  of  the  city  is  a  terraced  or  irregular 
slope  rising  to  a  somewhat  undulating  plain  200  to  425  feet 
in  altitude ;  the  eastern  side  is  the  line  of  bluffs  overlook- 
ing the  Anacostia  and  rising  into  two  broad  terrace  plains 
175  and  275  feet  in  height  respectively;  and  the  northern  con- 
fine is  the  deeply  ravined  margin  of  a  terrace  200  feet  in  alti- 
tude stretching  from  the  breach  made  by  the  Potomac  in  the 
Piedmont  escarpment  directly  eastward  to  the  broader  valley 
of  the  Anacostia  three  or  four  miles  above  the  confluence. 
The  floor  of  the  amphitheater  is  a  series  of  low  terraces  rising 
from  a  few  feet  below  to  about  100  feet  above  tide,  the  most 
conspicuous  two  being  about  40  and  8<>  feet  in. altitude  re- 
spectively. To  the  southward  the  amphitheater  opens  into  a 
broad  valley  occupied  partly  by  the  Potomac  estuary  and 
partly  by  a  low  but  extended  series  of  terraces,  of  which  the 
best  developed  members  are  about  20  and  40  feet  above  tide 
respectively. 

Throughout  this  amphitheater*  the  fluvial  phase  of  the 
Columbia  formation  is  the  prevailing  superficial  deposit  up  to 
15<>  feet  above  tide;  except  where  manifestly  eroded  or  buried 
beneath  modern  alluvium,  it  is  everywhere  exposed  ;  all  of  the 
lower  and  many  of  the  higher  terraces  are  built  of  it ;  and  it 
unquestionably  lines  the  estuaries  of  both  the  Potomac  and  the 
Anacostia  beneath  the  recent  alluvium.  The  relation  between 
the  deposit  and  the  topographic  configuration  is  striking,  and 
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oo  intimate  to  be  fortuitous.  Everywhere  west  of  the  Ana- 
joetia-Potomac  channel  (the  deposit  does  not  occur  east  of  the 
ivere)  the  limiting  boundary  of  the  fluvial  phase  of  the  forma- 
ion  is  the  150  foot  contour;  and  the  limit  within  which  it  ex- 
libits  a  certain  notable  and  well  defined  type  is  the  90  foot 
jontour. 

Within  the  amphitheater  the  formation  varies  considerably 
n  structure  and  composition  and  in  the  relative  thickness  of 
he  two  members — the  basal  member  being  best  developed 
sentrally  and  near  the  entrance  to  the  Potomac  gorge,  and  the 
raperior  and  finer  member  reaching  the  best  development  and 
greatest  volume  peripherally  and  at  points  distant  from  the 
gorge.  The  section  in  the  central  part  of  the  city  of  Washing- 
ton is,  however,  typical ;  and  two  exposures  so  located,  which 
together  form  a  general  section  of  the  fluvial  phase  of  the  for- 
mation, are  shown  in  the  accompanying  plates. 

Plate  VI  is  reproduced  mechanically  (by  the  Moss  process) 
from  a  photograph  of  the  exposure  on  the  north  side  of  E  street 
between  1  ana  2  southeast.  The  upper  member  is  homogeneous 
loam,  rather  too  sandy  for  use  as  a  brick  clay,  either  massive  or 
obscurely  stratified,  containing  a  few  small  pebbles  irregularlv 
disseminated  or  arranged  in  layers.  On  mechanical  analysis 
the  loam  is  found  to  consist  of  (1)  fine  silty  or  clayey  particles 
of  impalpable  fineness,  intimately  mingled  with  (2)  sand  grains 
of  variable  size,  form  and  composition,  and  with  (3)  gravel  of 
all  sizes  from  that  of  coarse  sand  to  that  of  the  pebbles  shown 
in  the  plate ;  the  relative  proportions  being  perhaps  50  per 
cent  of  impalpable  clay  and  silt,  35  or  40  per  cent  of  sand 
grains  up  to  i  inch  in  diameter,  and  the  balance  gravel  grains 
and  larger  pebbles.  The  homogeneous  loam  graduates  down- 
ward imperceptibly  into  obscurely  stratified  sandy  and  gravelly 
loam  in  which  sand  from  -J  inch  downward  constitute  some  40 
per  cent,  gravel  from  i  inch  upward  about  30  per  cent,  pebbles 
from  an  inch  upward  perhaps  20  per  cent,  and  impalpable  silt 
not  more  than  10  per  cent  of  the  volume — the  structure  re- 
maining unchanged  save  that  the  stratification  becomes  more 
and  more  distinct  toward  the  base.  The  gravelly  loam  grad- 
uates in  turn  into  a  bed  of  stratified  sand  and  fine  gravel, 
sometimes  cross-laminated,  with  occasional  pebbles  up  to  3  or 
4  inches  disseminated  tlirough  it  This  bed  is  practically  des- 
titute of  impalpable  silt,  and  is  screened  for  building  sand.  The 
stratified  sand  passes  rather  abruptly,  but  with  some  interstrati- 
fication,  into  a  heterogeneous  mass  of  coarse  sand,  gravel, 
pebbles  and  bowlders  up  to  a  foot  in  diameter. 

Plate  VII,  also  reproduced  mechanically  from  a  photograph, 
supplements  Plate  VI.  The  exposure  occurs  on  the  opposite 
side  of  the  street  and,  extending  nearly  to  the  base  of  the  Co- 
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lumbia  formation,  exhibits  the  typical  aspect  of  the  lower 
member — the  greater  part  of  the  superior  loam  having  been 
artificially  removed  long  before  the  recent  excavation  was 
made.  The  uppermost  stratum  consists  of  pebbly  and  sandy 
loam  corresponding  to  bnt  somewhat  coarser  than  the  basal  por- 
tion of  the  npper  member  in  Plate  VI ;  and  in  this  section,  too, 
the  stratum  graduates  insensibly  into  stratified  sand,  which  in 
turn  passes  imperceptibly  into  the  gravel  bed  at  the  summit  of 
the  lower  member. 

The  gravel  deposit  constituting  the  lower  member  is  dis- 
tinctly but  irregularly  stratified  and  rather  indefinitely  tripar- 
tite. The  uppermost  stratum  is  a  bed  of  gravel  and  sand 
similar  to  but  thinner  than  that  above  the  stratified  sand,  con- 
taining rounded  and  sub-angular  bowlders  up  to  over  a  foot  in 
diameter  (commonly  arranged  in  beds),  lenticular  layers  and 
pockets  of  sand,  etc  ;  the  next  stratum  is  a  regularly  bedded 
ma86  of  clay  and  loam,  evidently  derived  largely  from  the 
Potomac  formation,  which  is  locally  inclined ;  and  finally  at 
the  base  there  is  another  bed  of  gravel  (imperfectly  shown  in 
the  plate)  resting  on  an  irregular  surface  of  purple-brown 
Potomac  clays.  Combining  the  three  strata  and  analyzing 
their  constituents,  it  is  found  that  perhaps  20  per  cent  consist 
of  pebbles  and  bowlders  from  an  inch  to  a  foot  or  more  in 
diameter,  some  25  per  cent  of  gravel  and  pebbles  from  $  inch 
to  one  inch  in  diameter,  about  30  per  cent  of  finer  sand,  and 
the  remainder  (including  the  redeposited  Potomac  clay)  of 
impalpable  silt  or  clay ;  and  examination  of  the  pebbles  and 
bowlders  shows  that  nearly  all  of  the  larger  are  angular  or  sub- 
angular  and  either  of  Piedmont  gneiss  or  of  quartz  undis- 
tinguishable  from  the  vein  quartz  of  the  Piedmont  zone,  while 
75  or  80  per  cent  of  the  smaller  are  well  rounded  and  of  quartz 
and  quartzite  similar  to  those  of  the  lower  member  of  the  Po- 
tomac formation. 

These  sections  occur  about  three  miles  southeast  of  the  gap 
cut  by  the  Potomac  river  in  the  Piedmont  escarpment,  and  in 
the  line  of  the  old  outer  gorge.  Nearer  the  gap  the  superior 
member  attenuates,  and  the  gravel  bed  thickens  and  becomes 
coarser  until  in  some  sections  fully  one-half  of  the  formation  is 
made  up  of  pebbles  and  bowlders  up  to  four  or  five  feet  in  diam- 
eter; to  the  eastward  the  loam  increases  in  thickness  and  homoge- 
neity, its  pebbles  disappear,  and  the  stratification  becomes  more 
regular,  while  the  basal  member  attenuates  and  the  pebbles 
and  bowlders  of  which  it  is  composed  diminish  gradually  both 
in  size  and  abundance ;  to  the  southward  and  further  from  the 
gap  the  upper  portion  of  the  loam  is  a  homogeneous  brick 
clay,  its  lower  portion  is  a  stratified  sand,  and  the  lower  mem- 
ber of  the  formation   is  represented  only  by  a  thin   bed  of 
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avel  and  small  bowlders ;  and  still  further  southward,  as  at 
lexandria,  the  superior  loam  becomes  line  and  silty,  and  there 
but  an  inconspicuous  bed  of  pebbles,  with  no  large  bowlders, 
the  base. 

Most  of  the  materials  composing  the  formation  in  the  Wash- 
ejton  amphitheater  may  be  reaclily  traced  to  their  sources : 
ae  tenths  of  the  larger  angular  and  sub-angular  bowlders  are 
iier  (1)  gneiss  identical  with  that  exposed  in  the  gorge  of 
e  Potomac  river  within  a  few  miles  to  the  westward,  or  (2) 
lartz  nndistinguishable  from  that  of  the  veins  intersecting 
e  gneiss ;  the  well  rounded  quartz  and  quartzite  pebbles  are 
distinguishable  from  those  of  the  Potomac  formation,  and 
deed  in  some  cases  Potomac  outliers  unquestionably  in  situ 
aduate  insensibly  into  taluses  which  descend  the  slopes  and 
turn  graduate  into  the  Columbia  gravels ;  the  intercalated 
rers  of  plastic  clay  and  accumulations  of  arkose  are  litholog- 
illy  identical  with  certain  characteristic  phases  of  the  Potomac 
rmation ;  the  sand,  clay  and  loam  sometimes  resemble  the 
dduary  products  formed  by  the  disintegration  of  the  adja- 
Qt  Piedmont  gneisses  in  situ  so  closely  as  to  be  distin- 
ished  only  by  structural  features ;  and  in  all  cases  the  petro- 
iphic  identity  is  unquestionably  indicative  of  the  source  of 
3  material. 

The  Genesis  of  the  Deposits. — An  essential  element  in  any 
iloeophic  classification  of  the  rocks  of  the  earth  is  genesis, 
d  geologic  science  has  now  reached  a  stage  in  which  processes 
d  products,  agencies  and  results,  are  commonly  correlated, 
d  in  which  at  least  the  broader  classifications  are  genetic. 
There  are  recognized  five  principal  categories  of  agencies  by 
lich  the  various  superficial  deposits  of  the  earth  are  produced, 
z :  chemic,  igneous,  glacial,  aerial  and  aqueous. 
Now  on  comparing  the  upper  member  of  the  fluvial  phase 
the  Columbia  formation  with  the  known  products  of  each 
these  categories  of  agencies,  it  becomes  evident  that  the  de- 
sits  were  not  produced  by  either  of  the  first  two  classes  of 
encies,  since  they  have  no  distinctive  features  in  common 
th  chemic  and  igneous  deposits ;  that  they  are  not  glacial, 
ice  they  are  too  regularly  and  continuously  stratified,  since 
e  two  members  are  distinct  in  structure  and  composition  and 
t  intergraduate,  and  since  the  pebbles  and  bowlders  are 
ither  striated  nor  polished  ;  that  they  are  not  aerial  since  the 
iterials  are  coarser  and  more  continuously  bedded  than  those 
insported  by  winds ;  and  hence  that  the  deposits  are  aqueous 
origin.  By  legitimately  extending  the  same  process  of 
isoning  it  might  equally  be  shown  that  they  are  not  fluvia- 
3,  torrential,  lacustral,  nor  marine,  and  indeed  that  they  can 
ly  be  a  sub-estuarine  delta  of  the  river  on  which  they  occur. 
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The  same  conclusion  is  reached  by  the  converse  process  of 
reasoning.  At  Washington  the  Potomac  river  passes  from 
flu  viatic  to  estuarine  condition,  and  the  materials  trans- 
ported by  the  river  proper  are  precipitated  in  the  estuary. 
The  opportunities  for  examination  of  these  sediments  are  lim- 
ited, because  they  are  seldom  exposed  above  tide  level  (sub- 
aerial  alluvium  being  significantly  absent  along  the  fall  line 
margin  of  the  Coastal  plain)  ;  but  the  numerous  borings  made 
in  engineering  operations  indicate  that  the  sub  estuarine  de- 
posits opposite  Washington  consist  predominantly  of  fine  silt 
or  clay,  and  subordinately  of  sand  and  gravel,  with  occasional 
pebbles  and  bowlders  of  considerable  dimensions  either  scat- 
tered or  in  beds.  In  brief,  the  deposits  of  the  Potomac  estuary 
of  the  present  at  Washington  differ  from  the  upper  division 
of  the  fluvial  phase  of  the  Columbia  formation  only  in  the 
larger  proportion  of  silt  and  the  smaller  size  of  interspersed 
bowlders ;  and  below  Washington  the  modern  estuarine  de- 
posits become  progressively  finer  to  and  beyond  Alexandria, 
just  as  do  the  deposits  of  the  Columbia  formation.  Now  the 
precise  conditions  of  genesis  of  the  modern  sub-estuarine  de- 
posits are  known  :  the  silt  is  carried  down  the  river  and  into 
the  estuary  at  all  stages  but  most  abundantly  during  freshets 
to  either  settle  immediately  in  the  slack  water  or  sweep  back 
and  forth  with  the  tide  until  flocculation  and  more  gradual  depo- 
sition finally  take  place ;  the  fine  sand  is  similarly  transported 
into  the  estuary  and  dropped  toward  its  head  ;  most  of  the  coarse 
sand,  gravel  and  pebbles  are  swept  over  the  falls  or  collectediQ 
the  gorge  of  the  Potomac  by  the  raging  torrent  which  the 
river  becomes  during  its  freshet  stages,  and  are  quickly  depos- 
ited in  the  upper  part  of  the  estuary  ;  while  the  larger  pebbles 
and  bowlders,  together  with  some  of  the  smaller,  are  gathered 
along  the  river  and  floated  into  the  estuary  by  the  ice  Hoes 
with  which  the  torrent  is  laden  during  spring  freshet* ;  and  the 
distribution  of  the  various  materials,  fine  and  coarse,  is  affected 
by  the  strength  of  the  currents,  by  local  eddies  and  basins,  and 
by  distance  below  the  mouth  of  the  gorge,  while  the  area  of 
deposition  is  determined  by  present  tide  level.  Were  the  land 
in  the  vicinity  of  Washington  to  be  elevated  150  feet,  and 
were  this  level  to  be  maintained  until  the  sub  estuarine  deposits 
now  in  process  of  formation  were  dissected  by  erosion,  desic 
cated  by  draining,  and  decolored  by  oxidization,  they  would 
unquestionably  form  a  homologue  of  the  upper  member  of  the 
Columbia  formation,  differing  from  it  only  in  coarseness  of 
materials  and  in  geographic  extent ;  and  the  modern  deposit, 
like  the  older,  would  rise  upon  the  valley  sides  to  the  shore 
line  contour,  and  its  surface  would  similarly  form  a  broad  ter- 
race plain. 
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The  altitude  of  the  old  delta  now  exposed  as  the  Columbia 
formation  indicates  submergence  of  about  150  feet  during  the 
period  of  its  deposition  ;  and  such  submergence  is  attested  not 
only  by  the  deposits  but  by  an  extensive  system  of  terraces. 
The  Columbia  formation  itself  forms,  within  the  Washington 
amphitheater,  two  distinct  terrace  plains,  modified  by  erosion 
and  culture  yet  each  miles  in.  extent,  together  with  several 
others  of  less  area ;  the  upper  level  of  the  deposit  is  marked 
by  broad  6hore  lines  on  both  sides  of  the  head  of  the  estuary 
and  by  a  rock  shelf  in  the  gorge  of  the  Potomac  half  a  mile  in 
average  width  and  fifteen  miles  long ;  southwest  of  Washing- 
ton there  is  a  wave-fashioned  plain,  220  feet  above  tide,  which 
is  more  than  twenty-five  square  miles  in  area  and  so  little 
modified  by  erosion  that  considerable  tracts  are  imperfectly 
drained ;  a  more  deeply  ravined  plain  of  like  altitude  five 
square  miles  in  area  forms  the  marginal  portion  of  the  Pied- 
mont plateau  to  the  northward  of  Washington;  beyond  the 
Anacostia  there  are  equally  distinct  terrace  plains,  that  of  175 
feet  above  tide  at  St.  Elizabeth's  Insane  Asylum  being  so  imper- 
fectly invaded  by  erosion  and  so  level  to  the  very  verge  of  the 
river  bluffs  that  drainage  is  imperfect  over  fully  a  square  mile  of 
its  area ;  and  in  many  other  localities,  and  at  all  altitudes  up  to 
250  feet  or  more,  broad  terraces  abound.  The  extensive  ter- 
racing of  the  tract  gives  origin  to  a  striking  topography  of  plains 
and  scarps,  througn  which  profiles,  drawn  in  any  direction,  ex- 
hibit characteristic  combinations  of  horizontal  lines  and  steep 
slopes.  Independently  of  the  deposits,  the  terraces  and  shore 
lines  in  the  Washington  amphitheater  prove  submergence  of 
the  land  to  a  depth  of  over  250  feet — the  deposits  at  the  high- 
est levels  representing  rather  the  interfluvial  than  the  fluvial 
phase  of  the  Columbia  formation. 

While  nothing  more  than  comparatively  brief  submergence 
of  150  or  more  feet  was  required  to  produce  the  upper  member 
of  the  Columbia  formation,  other  conditions  were  required  to 
produce  the  coarse  lower  division,  which  differs  materially  in 
composition  from  the  sediments  now  laid  down  in  the  Potomac 
estuary ;  but  since  the  abundance  and  size  of  the  pebbles  and 
bowlders  now  swept  into  the  estuary  are  determined  by  the 
amount  and  thickness  of  the  ice  floated  into  it  during  the 
spring  freshets,  it  is  evident  that  the  chief  additional  condition 
required  for  the  deposition  of  the  coarse  materials  of  the  older 
formation  was  diminution  of  temperature  and  consequent  in- 
crease in  floe  transportation  with,  perhaps,  concurrent  strength- 
ening of  fluvial  currents.  It  might  accordingly  be  safely  in- 
ferred from  the  phenomena  of  this  tract  alone  that  the  lower 
member  of  the  formation  was  deposited  during  a  period  of  low 
temperature.     The  refrigeration  thus  suggested  by  the  depos- 
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its  of  the  Potomac  river  is  proved  by  those  of  the  Susquehanna 
and  Delaware  ;  and  since  the  bowlders  of  the  lower  Columbia 
at  Washington  are  fully  twenty  times  as  large  and  abundant 
as  those  brought  down  in  the  spring  freshets  of  to  day,  the 
diminution  in  temperature  must  have  been  considerable. 

In  brief,  it  is  evident  that  the  Columbia  formation  within  the 
Washington  amphitheater  is  a  sub-estuarine  delta  deposited 
when  the  sea  rose  at  least  150  feet  higher,  and  the  temperature 
was  considerably  lower,  than  to-day. 

The  Deposits  on  the  Susquehanna. — About  its  locus  of  tran- 
sition from  fluvial  to  estoarine  condition  (for  Chesapeake 
bay  is  simply  the  estuarine  portion  of  the  river),  the  Susque- 
hanna is  flanked  by  an  extensive  bipartite  deposit,  the  upper 
member  of  which  consists  of  loam  with  occasional  disseminated 
pebbles  and  small  bowlders,  while  the  lower  is  a  great  mass  of 
coarse  sand  and  gravel  interspersed  with  large  bowlders.  The 
distribution  of  the  deposit,  vertical  and  horizontal,  is  limited 
by  the  240-foot  contour,  and  it  is  typically  developed  only  be- 
low the  120-foot  contour ;  the  most  abundant  materials  of 
determinate  source  are  bowlders  from  the  Piedmont  and  Appa- 
lachian regions,  and  well-worn  quartzite  pebbles  from  the  sub- 
jacent Potomac  formation ;  the  entire  area  is  extensively  ter- 
raced ;  and  in  general  the  phenomena  duplicate  those  of  the 
Potomac  river.  They  are  described  in  detail  and  fully  illus- 
trated elsewhere.* 

Certain  minor  differences  between  the  Susquehanna  and  Po- 
tomac deposits  are  noteworthy.  The  former  reach  far  the 
greater  volume,  the  thickness  being  thrice  and  the  area  twice 
as  great  as  on  the  Potomac ;  the  bowlders  of  the  lower  mem- 
ber are  much  larger — the  largest  being  from  100  to  200  cubic 
feet  in  dimensions,  or  fully  three  times  as  large  as  those  found 
on  the  Potomac  and  50  times  as  large  as  those  now  transported 
into  the  bay  in  vernal  ice-floes;  the  materials  of  the  upper 
member  are  finer  than  on  the  Potomac,  and  consist  in  part  of 
mechanically  divided  but  undecomposed  carbonate  of  lime, 
which  either  forms  a  calcareous  cement  or  segregates  into  cal- 
careous nodules  resembling  loess-kindehen ;  indications  of  ice- 
berg action  are  found  in  the  deposits :  and  a  much  larger  pro- 
portion of  the  pebbles  and  bowlders  of  friable  rock  are  sharply 
angular  and  evidently  ice-transported.  The  resemblances  be- 
tween the  deposits  on  the  two  rivers  in  structure  and  composi- 
tion, in  geographic  and  hypsographic  distribution,  and  in  all 
other  distinctive  characters,  indeed,  prove  that  they  are  homo- 
genetic— i.  e.,  that  the  Columbia  formation  on  the  Susquehanna 

*  "  Notes  on  the  Geology  of  tbe  heed  of  Chesapeake  Bay,"  7  th  Ad.  Rep.  U.  S. 
GeoL  Survey  (In *"  *— ' 
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on  the  Potomac  is  a  sub-estuarine  delta  laid  down  during  a 
riod  of  cold  and  submergence ;  and  the  differences  prove  that 
e  submergence  and  the  refrigeration  were  both  tne  greater 
i  the  former  river. 

Above  the  fall-line  the  Susquehanna,  unlike  the  Potomac, 
flanked  by  deposits  corresponding  to  the  sub-estuarine  delta. 
3tween  Columbia  and  its  mouth,  it  is  true,  the  river  flows  rap- 
ly  through  a  steep-sided  gorge  of  considerable  depth,  the  tribu- 
nes have  high  declivity,  and  superficial  deposits  are  not  pre- 
rved ;  but  above  Columbia  the  valley  widens,  its  slope  di- 
inishes,  and  remnants  of  slack  water  deposits  appear.  Four 
ilea  above  Harrisburg  the  river  breaks  through  Kittatinny 
ountain  in  a  widely-known  water-gap,  and  embouches  upon  a 
ghtly  undulating  terraced  plain  100  to  200  feet  above  its 
vel ;  and  the  prevailing  superficial  deposit  over  this  plain  is 
am  or  brick  clay  passing  down  into  a  gravel  or  bowlder  bed. 

representative  section  of  the  prominent  terrace  h&lf  a  mile 
>rtneast  of  Harrisburg  is  as  follows : 

Fine  loam,  massive  above  and  horizontally  laminated  below, 
with  a  few  disseminated  pebbles  and  layers  of  sand  toward 
the  base,  largely  used  as  a  brick  clay 7  feet. 

Irregularly  stratified  gravel,  comprising  pebbles  (commonly 
rounded)  from  3  inches  downward,  imbedded  in  a  matrix 
of  coarse  brown  sand,  the  shale  deeply  ferruginated  and 
sometimes  cemented 4  feet. 

Stratified  coarse  brown  sand  abounding  in  pebbles  and 
bowlders 8  feet. 

The  three  members  are  here  sharply  demarked,  but  elsewhere 
tergraduate. 

Save  that  these  deposits  at  Harrisburg  are  somewhat  thinner, 
at  the  bowlders  are  smaller,  and  that  they  are  without  Pied- 
ont  crystallines,  they  are  scarcely  distinguishable  from 
ose  about  the  head  of  Chesapeake  bay.  There  is  the  same 
■ick-red  color,  the  same  degree  of  ferrugination,  the  same  bi- 
irtition  and  the  same  structure  in  each  member,  the  same 
ack  ferruginous  cement  uniting  and  staining  the  pebbles,  the 
me  intergraduation  of  the  members,  and  indeed  so  close 
milarity  in  all  essential  respects  that  either  deposit  might  be 
icepted  as  the  type  of  the  other.  And  the  deposits  at  Harris- 
lrg  are  representative  of  those  of  a  considerable  area:  the 
act  mantled  with  brick  clay  and  gravel  on  the  north  side  of 
e  river  below  the  Kittatinny  water  gap  is  10  miles  long 
id  5  miles  wide,  and  the  area  of  the  deposits  on  the  south  side 
'  the  river  is  nearly  as  great.  Above  the  water  gap  the  de- 
bits are  still  more  largely  developed ;  mile  after  mile  the 
isquehanna  is  flanked  Dy  gently  sloping  plains  descending 
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nearly  to  the  river  and  then  dropping  suddenly  to  its  flat 
bottomed  gorge,  and  everywhere  except  in  the  sharper  ravines 
and  larger  tributary  valleys  the  deposits  prevail,  and  the  alti- 
tude to  which  they  rise  progressively  increases  up  the  river; 
within  its  hypsographic  limit  the  formation  in  the  Susque- 
hanna valley  is  nearly  as  continuous  and  distinctive  as  the  gla- 
cial drift  of  the  northern  part  of  the  6tate,  and  its  influence 
upon  the  industries  of  its  area  is  equally  important. 

The  relations  of  these  deposits  to  the  terminal  moraine  and 
the  relations  of  both  to  the  topography  are  significant,  and  are 
well  exhibited  in  the  Susquehanna  valley  about  Berwick  and 
Bloomsburg.  The  broad  features  of  the  region,  like  those  of 
the  inter-montane  Appalachian  valleys  generally,  comprise  old 
base  level  plains  of  considerable  uniformity,  bounded  by  moun- 
tain ranges,  sharply  incised  by  waterways  cut  down  to  a  newer 
base-level.  The  principal  waterway  is  the  broad,  steeply 
bluffed  outer  gorge  of  the  pre-morainal  Susquehanna.  Tnis 
gorge  is  partly  filled  with  the  overwash  gravels  from  the  mo- 
raine ;  and  in  these  gravels  the  narrow  inner  gorge  of  the 
present  river  is  excavated. 

Three  miles  above  Bloomsburg  the  old  base-level  plain  is 
5  or  6  miles  wide,  gently  undulating,  and  200  to  300  feet 
above  the  river,  which  follows  its  southern  6ide  (fig.  1).  The 
entire  plain  is  covered  with  a  sheet  of  fine  loam  or  brick  clay 
similar  to  that  of  Harrisburg,  and  like  it  graduating  downward 
into  stratified  sand  or  gravel  containing  well  rounded  bowlders 
of  quartzite  and  other  sub-local  rocks  up  to  a  foot  or  more  in 
diameter.  On  approaching  the  river  this  plain  breaks  down 
sharply  in  an  abrupt  escarpment,  75  to  100  feet  high,  over- 
looking the  pre-morainal  valley,  the  loam  and  gravel  extending 
to  the  verge  of  the  escarpment  but  failing  below.     This  outer 
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Fig.  1. — Cross-Section  of  Susquehanna  Valley  between  Bloomsburg  and  Berwick. 

valley  of  the  Susquehanna  is  perhaps  one  and  a  half  miles 
wide,  and  is  lined  to  an  undetermined  but  considerable  depth 
with  rounded  pebbles  and  cobbles,  sometimes  interstratined 
with  or  overlain  by  fine  gravel,  sand  or  loam — the  whole  rep- 
resenting the  overwash  materials  from  the  terminal  moraine ; 
and  the  valley  bottom  descends  by  step-like  terraces  of  won- 
derfully sharp  contour  and  fresh  aspect  to  the  narrow  inner  gorge 
within  which  the  river  tumbles  and  dashes  over  a  bed  of  simi- 
lar pebbles  and  cobbles.     South  of  the  river  the  surface  rises 
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apidly  to  the  plateau  like  summit  of  the  Catawissa  hills;  and 
>atches  of  loam  similar  to  that  forming  the  surface  north  of 
he  river  occasionally  appear  on  the  slope  from  100  to  250  feet 
bove  the  channel,  and  the  hill-tops,  500  feet  and  less  above 
he  river,  are  dotted  here  and  there  with  well  rounded  quartzite 
pebbles  and  bowlders  two  feet  or  more  in  maximum  dimensions ; 
he  isolated  loam  patches  and  scattered  bowlders  alike  repr- 
esenting residuary  traces  of  a  once  continuous  formation  now 
argely  removed. 

The  overwash  gravels  are  stratigraphically  continuous  with 
,nd  graduate  imperceptibly  into  the  terminal  moraine,  and  are 
aamfestly  the  product  of  a  rapid  glacier-born  stream  with 
onsiderable  declivity.  The  loam  oi  the  base-level  plain,  on 
he  other  hand,  is  unquestionably  a  deposit  of  slack  waters ; 
rat  it  contains  a  notable  element  of  partly  oxidized  rock-flour 
like  that  found  at  the  head  of  Chesapeake  bay),  evidently  of 
facial  origin.  Moreover,  the  high-level  bowlders  at  the  base 
►f,  or  incorporated  within,  the  loam  are  much  larger  than  those 
ransported  by  the  present  river,  and  were  evidently  distributed 
>y  floating  ice  of  greater  thickness  than  that  now  formed  in 
he  same  region.  Both  members  of  the  formation  thus  attest 
*ratemporary  climatal  refrigeration. 

As  already  indicated  the  high-level  loam  of  the  Bloomsburg- 
Jerwick  section  is  continuous — save  where  locally  cut  off  by 
uountain  ranges  rising  above  its  altitude — down  the  rivter  to 
larrisburg,  and  the  *  residuary  cobbles  and  bowlders  occur  at 
ntervals  over  the  slopes  and  within  the  inter  montane  valleys 
rom  which  the  loam  has  disappeared :  while  the  newer  over- 
rash  gravels  attenuate,  their  altitude  diminishes,  the  materials 
•ecome  finer,  the  terraces  merge  and  finally  disappear,  and  the 
ntire  deposit  fails  above  river  level  and  the  inner  gorge  is 
ompletely  lost,  about  the  confluence  of  the  Western  Branch  at 
Northumberland.  Traced  up  stream  the  loam  and  the  residuary 
►owlders  of  the  Columbia  formation  persist  to  the  terminal 
aoraine  where  the  soft  contours  of  the  loam-mantled  plain  dis- 
ppear  beneath  the  knobby  rsurfaced  moraine,  and  both  loam  and 
owlders  are  incorporated  in  the  moraine  material ;  while  the 
verwash  gravels  lining  the  outer  valleys  lose  their  distinct 
srracing,  the  cobbles  increase  in  size  and  become  less  and  less 
erfectly  rounded,  the  materials  become  more  and  more  hetero- 
eneous  until  they  too  merge  into  the  terminal  moraine,  and  the 
ntire  valley  is  finally  filled  with  aqueo-glacial  gravels  to  a 
eight  of  250  or  275  feet  above  the  present  level  of  the  river 
na  to  an  unknown  depth  below. 

While  the  gravel  and  cobble  deposit  is  simply  the  overwash 
rom  the  terminal  moraine,  the  loam  and  high  level  residuary 
ravels  evidently  represent  a  distinct  and  far  older  formation : 
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the  older  deposit  is  bipartite,  while  the  newer  is  indivisible; 
the  loam  of  the  older  is  unquestionably  a  slack  water  deposit, 
while  the  well  rounded  pebbles  and  cobbles  of  the  newer  were 
just  as  unquestionably  assorted  and  deposited  by  rapid  cur- 
rents ;  the  older  deposit  rises  to  altitudes  of  500  feet  above  the 
level  of  the  river,  while  the  lower  attains  a  maximum  altitude 
of  only  275  feet ;  the  outer  gorge  of  the  Susquehanna  has  evi- 
dently been  excavated  in  obdurate  paleozoic  rocks  since  the 
older  deposit  was  laid  down,  while  the  work  of  the  river  since 
the  deposition  of  the  newer  has  been  limited  to  the  excavation 
of  the  far  smaller  inner  gorge  in  unconsolidated  gravels;  the 
older  deposit  has  been  deeply  dissected  by  the  tributary  water- 
ways, and  its  slopes  are  softened  and  its  escarpments  rounded  by 
weathering,  while  the  same  tributaries,  despite  their  high  de- 
clivity, have  cut  but  trifling  channels  in  the  newer  deposits,  and 
the  terrace  scarps  yet  remain  sharp-cut;  the  older  deposit  is 
everywhere  deeply  oxidized  and  ferruginated  and  its  exposed 
bowlders  of  obdurate  quartzite  decolored  and  sometimes  disin- 
tegrated, while  the  materials  of  the  newer  deposit  are  fresh  and 
bright ;  and  the  older  deposit  everywhere  passes  beneath  the 
terminal  moraine  into  which  the  newer  merges. 

The  relation  of  the  loam  and  high  level  bowlders  to  the 
valley  of  the  Susquehanna  is  significant.  The  river  of  the 
present  is  commonly  unnavigable,  and  flows  in  a  succession  of 
rapids  and  intervening  pools  in  a  broad,  shallow,  rock-bottoined 
channel,  with  an  average  declivity  of  over  two  and  one-half 
feet  per  mile :  it  is  preeminently  a  transporting  and  corrading 
stream ;  and  its  local  and  temporary  deposits  are  coarse.  Yet 
the  loam  by  which  the  valley  6ides  are  lined  is  evidently  a  de- 
posit of  slack  waters,  and  the  associated  cobbles  and  bowlders 
appear  to  have  been  dropped  from  floes  floating  upon  com- 
paratively still  waters ;  and  the  altitude  of  the  deposits  pro- 
gressively increases  northward.  To  produce  such  a  change  in 
the  regimen  of  the  Susquehanna  as  the  Columbia  phenomena 
indicate  would  require  submergence  of  240  feet  at  its  mouth 
and  fully  500  feet  at  the  terminal  moraine,  and  the  transforma- 
tion of  its  rock-bound  gorge  into  an  estuary,  tidal  to  the  Kitta- 
tinny  water-gap  at  least. 

Tne  testimony  of  the  Susquehanna  phenomena  corrborates 
and  supplements  that  recorded  in  the  Washington  deposits,  in 
that  they  are  not  only  indicative  of  land  submergence  and  co- 
eval cold  but  prove  (1)  that  the  period  of  submergence  was 
one  of  northern  glaciation,  (2)  that  this  glacial  epoch  wa6  long 
anterior  to  the  one  during  which  the  terminal  moraine  was 
formed,  and  (3)  that  the  submergence  increased  northward. 

The  Deposits  on  the  Delaware. — As  shown  by  the  researches 
of  Lewis  and  Chester,  at  Philadelphia  and  in  northern  Del* 
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rare  respectively,  Delaware  river  and  bay  are  flanked  on  the 
rert  from  Philadelphia  to  Dover  by  a  deposit  of  brick-clay  or 
oam  passing  into  gravel  below— the  Philadelphia  Brick  Clay 
,nd  Red  Gravel  of  the  former  author,  and  the  Delaware  Grav- 
ils  of  the  latter.  The  deposits  have  been  described  in  detail 
>y  these  authors,  and  it  will  suffice  to  add  that  not  only  in  gen- 
eral characters  but  in  the  less  conspicuous  features  detectable 
■n  minute  examination  they  are  undistinguishable  from  their 
tomolognes  in  corresponding  position  on  the  Susquehanna  and 
i^tomac ;  the  structure  and  composition  are  similar,  the  geo- 
graphic and  hypsographic  distribution  are  alike,  there  is  equal 
txiviation  and  ferrugination,  like  ravining  by  erosion,  the  same 
xtensive  terracing,  etc.;  the  only  noteworthy  difference  being 
he  somewhat  greater  altitude  of  the  Delaware  deposits,  ana 
lie  occasional  presence  of  far  transported  northern  pebbles  and 
owlders  in  their  lower  portion. 

North  of  Philadelphia  the  Delaware  deposits  exhibit  certain 
oteworthy  characteristics  allying  them  with  those  of  the  upper 
usquehanna.  Over  the  gentle  river-ward  slopes  of  eastern 
[onteomery  and  Bucks  counties,  Pennsylvania,  more  or  less 
mspicuous  accumulations  of  loam  or  brick  clay  occur  up  to 
Ititudes  of  250  feet  or  more  ;  and  well  rounded  bowlders  oc- 
isionally  appear  at  even  greater  altitudes.  Within  100  feet 
x>ve  tide  the  deposits  are  practically  continuous  and  exten- 
vely  terraced—  e.  ff.,  there  is  at  Trenton  a  sharply  defined 
jrrace  80  feet  in  altitude  composed  of  homogeneous  brick  clay 
assing  downward  into  a  bowlder-bed,  through  which  the 
)elaware  has  cut  its  modern  gorge;  and  the  celt  yielding 
'renton  gravels  fill  a  basin  lined  with  these  older  Quaternary 
eposits.  Still  farther  northward  the  brick-clay  or  loam,  with 
ssociated  cobbles  and  bowlders,  are  found  at  progressively  in- 
reasing  altitudes ;  they  occur  in  every  in*er-montane  valley  on 
he  Delaware  to  the  terminal  moraine  at  Belvidere  ;  and  they 
re  found  on  both  sides  of  the  Lehigh  from  its  mouth  to  the 
rater  gap,  the  loam  being  largely  utilized  in  brick  manufacture 
t  Allentown  and  elsewhere. 

The  cross-section  of  the  Delaware  valley  five  miles  below 

telvidere  is  in  all  essential  respects  a  duplicate  of  the  Blooms- 

urg-Berwick  cross-section  of  the  Susquehanna  shown  in  fig. 

:  there  is  the  same  loam-lined  base-level  valley  200  to  800 

Bet  above  the  river,  with  scattered  quartzite   bowlders  up  to 

t  least  400  feet ;  within  this  valley  there  is  excavated,  through 

mm  and  subjacent  rock/  an  outer  gorge  at  least  a  mile  and  a 

alf  wide;  this  outer  gorge  is  bottomed  with  well  rounded  and 

irrent-sorted  overwash  gravels  from  the  terminal  moraine; 

ttd  tjie  sharply  cut  inner  gorge  of  the  present  river,  quarter 

£  a  mile  wide  and  50  feet  deep,  has  been  carved  in  the  newer 
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gravels.  To  the  northward  the  high  level  loam  and  bowlders 
pass  beneath  the  terminal  moraine,  and  the  overwash  gravels 
graduate  into  the  hillocky  debris  of  the  drift-lined  valley  as  on 
the  Susquehanna ;  and  as  on  that  river  too  the  overwash  gravels 
rapidly  diminish  in  size  and  abundance  down  stream,  the  ter- 
races meantime  merging  and  decreasing  in  height,  until  both 
practically  disappear  above  water  level  10  miles  below  Bel- 
videre.  Local  accumulations  of  the  overwash  gravels  occur, 
however,  at  various  lower  points  on  the  river,  the  last  and 
most  conspicuous  being  at  Trenton,  where  the  later-glacial  Dela- 
ware river  opened  into  a  broad  estuary  in  which  the  vernal 
ice-floes  dropped  their  debris  gathered  at  the  ice  front. 

On  the  Delaware,  as  on  the  Susquehanna,  the  two  series  of 
superficial  deposits— the  moraine  with  its  derivatives  and  the 
terraced  brick  clay  with  its  gravels — are  perfectly  distinct  and 
widely  diverse  in  age;  and  here,  too,  the  deposition  of  the 
loam  and  high  level  gravels  must  have  been  accompanied  by 
transformation  of  the  Delaware  river  from  a  rapid  unnaviga- 
ble  stream  abounding  in  cascades  and  rapids,  to  a  tidal  estuarr 
miles  in  width  within  which  fine  silt  and  clay  were  dropped, 
and  upon  which  bowlder-bearing  ice-blocks  floated — the  land- 
submergence  reaching  fully  400  feet  in  the  latitude  of  the 
terminal  moraine. 

The  Deposits  on  other  Rivers. — Every  considerable  stream  of 
the  Middle  Atlantic  slope  has  at  the  fall-line  a  conspicuous 
deposit  analogous  to  those  of  the  Poton.ac,  Susquehanna,  and 
Delaware ;  and  while  the  deposits  vary  in  volume  with  the 
streams,  the  structure,  the  composition,  the  geographic  and 
hypsographic  relations,  etc.,  remain  constant  or  change  slowly 
with  latitude.  The  Schuylkill  and  Brandywine  deposits  merge 
into  those  of  the  Delaware,  but  in  their  up-stream  extension 
are  distinguishable  therefrom  by  the  abundance  of  local  and 
the  sparseness  of  northern  materials;  the  deposits  of  Elk  and 
Northeast  rivers  are  distinguishable  from  those  of  the  Delaware 
on  the  one  hand  and  of  the  Susquehanna  on  the  other  by  the 
preponderance  of  local  materials,  and  at  low  levels  by  their 
independent  terrace  systems  ;  the  Patapsco  deposits  merge  into 
those  of  the  Susquehanna  at  Baltimore,  but  local  pebbles  in  the 
lower  member  and  the  preponderance  of  local  residuary  debris 
in  the  upper  give  individuality  to  the  Patapsco  delta,  which  in 
structure,  composition,  and  general  aspect,  is  ^indistinguishable 
from  that  of  the  Potomac  river  at  Washington ;  the  two 
branches  of  the  Patuxent  have  beautifully  terraced  deltas  ex- 
hibiting characteristic  bipartition  and  all  of  the  diagnostic 
features  of  the  fluvial  phase  of  the  Columbia  formation ;  and 
the  Anacostia  has  an  independent  but  homologous  system  of 
deposits  and  terraces  made  up  predominantly  of  materials  de- 
rived from  tlie  mirgLw&l  portion  of  the  Piedmont  area. 
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South  of  the  Potomac  river  the  deposits  and  terraces  remain 
onspicuous,  though  their  maximum  altitudes  diminish:  Occoquan 
iver,  Acquia  creek,  and  neighboring  streams  have  well-marked 
arrace-systems  built  of  deposits  of  uniform  structure,  though 
acht  deposit  is  made  up  of  the  materials  traversed  by  the 
adividual  stream ;  the  Rappahannock  valley  is  fashioned  into 
erraces  miles  in  extent  ana  flanked  by  brick  clays  passing  into 
jravel  and  bowlder  beds  made  up  of  the  Piedmont  rocks  and 
veil-rounded  gravel  derived  from  the  adjacent  Potomac  beds, 
he  whole  resembling  the  delta  of  the  Potomac  river  so  closely 
hat  a  typical  section  in  one  would  equally  represent  the 
>ther;  the  Taponi  and  the  Mat  have  corresponding  deltas 
prhich  unite  and  flank  the  Mattaponi  for  miles,  and  the  two 
Soma  rivere  exhibit  similar  deposits  of  greater  volume  merging 
ilong  the  Pamunkey ;  the  superficial  deposits  about  the  head 
rf  tide  in  James  river  are  so  similar  to  those  of  the  Potomac 
;hat  Plates  VI  and  VII  could  be  almost  exactly  duplicated 
«here,  though  the  area  of  the  delta  is  somewhat  greater  and  its 
iltitude  somewhat   less  than  that  of  the  latter  river ;  the  Ap- 

Kmattox  has  its  elevated  delta  which  merges  into  that  of  the 
mes,  but  is  distinguished  in  the  vicinity  of  Petersburg  by 
in  independent  svetem  of  terraces  and  by  the  preponderance 
of  local  rocks ;  the  Nottoway  and  Meherrin  also  exhibit  well- 
developed  deposits  of  the  usual  bipartite  structure,  as  do  the 
smaller  streams,  Rowantv,  Stony,  and  Fontaine;  and  finally 
the  Roanoke  embouches  from  its  narrow  Piedmont  gorge  into 
a  tidal  estuary  flanked  by  low  bluffs  built  of  or  capped T>y  the 
prevalent  brick  clay  and  gravel  with  local  bowlders. 

The  maximum  altitude  of  the  deposits,  which  is  500  feet  on  the 
Susquehanna  and  400  feet  or  more  on  the  Delaware;  diminishes 
southward  to  perhaps  275  on  the  Schuylkill,  245  at  the  mouth 
of  the  Susquehanna,  145  feet  (with  inconspicuous  deposits 
somewhat  higher)  on  the  Potomac,  125  feet  on  the  Rappahan- 
nock, 100  feet  on  the  James,  and  75  feet  on  the  Roanoke ;  and 
as  already  pointed  out,*  the  maximum  size  of  the  bowlders  in 
the  lower  member,  as  compared  with  those  now  transported  by 
the  rivers,  diminishes  from  50:1  on  the  Susquehanna  to  20:1  on 
the  Potomac,  10:1  on  the  Rappahannock.  5:1  on  the  James,  and 
2  or  3  times  the  present  volume  on  the  Roanoke. 

Recapitulation. — Briefly,  the  deposits  along  the  Middle  At- 
lantic slope  rivers  about  their  loci  of  transition  from  fluvial 
to  estuanne  condition  are  so  closely  similar  that  not  only  will 
the  description  of  a  typical  section  on  one  waterway  apply  to 
those  of  all  the  others,  but  it  would  in  most  cases  be  difficult 
to  determine  from  the  most  minute  examination  which  stream 
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a  particular  specimen  or  section  represents ;  the  differences  ire 
limited  to  systematic  variation  in  altitude  and  coarseness,  to 
variation  in  volume  (which  is  proportional  to  that  of  the 
streams  on  which  the  deposits  occur),  and  to  inconspicuous 
variation  in  composition  resulting  from  the  incorporation  of 
(1)  local  materials  on  each  river,  and  (2)  rock-flour  and  other 
glacial  debris  on  the  more  northerly  rivers.  The  deposits  are 
evidently  contemporaneous  and  homogenetic ;  the  structure, 
composition,  geographic  and  hypsographic  distribution,  terrac- 
ing, and  other  features  of  each  independently  proves  that  it  u 
a  siib-estuarine  delta  formed  during  a  brief  period  of  land-sub- 
mergence and  refrigeration,  increasing  northward ;  and  the 
relations  of  the  various  deltas  to  the  terminal  moraine  and 
other  deposits  prove  that  this  period  was  long  anterior  to  tint 
of  the  last  ice-invasion. 

The  Interfiuvial  Phone. — Character  and  Distribution. — The 
fan-shaped  deltas  flanking  the  Middle  Atlantic  slope  rivers  at 
the  fall-line  attenuate  down  stream  and  toward  their  periphe- 
ries, and  either  disappear  in  feather  edges  along  ascending 
slopes,  or  merge  into  a  distinctive  deposit  by  which  the  inter 
fluvial  portion  of  the  Coastal  plain  is  generally  mantled.  Thk 
deposit,  unlike  the  complementary  and  more  conspicuous  one 
developed  only  along  the  rivers,  is  variable  in  composition  and 
inconstant  in  structure,  and  has  a  wide  range  in  hypsographic 
distribution.  Four  leading  structural  types,  ranging  m  alti- 
tude from  100  feet  in  the  south  to  400  feet  in  the  north  down 
to  tide  level,  may  be  discriminated. 

1.  As  exposed  in  the  terraces  and'  shore  lines  in  the  vicinity 
of  the  fall-line,  the  deposit  consists  of  a  heterogeneous  and 
irregularly  bedded  mas*  of  sand,  gravel  and  bowlders  fringing 
the  terrace,  and  increasing  in  thickness  from  perhaps  a  foot  6r 
two  upon  the  terrace  plain  to  five,  ten,  or  fifteen  feet  along  the 
scarp ;  the  materials  being  predominantly  local,  and  evidently 
derived  largely  from  contiguous  portions  of  the  terrace-plain 
but  intermingled  with  loam,  pebbles  and  bowlders  similar  to 
those  of  neighboring  deltas.  Similar  accumulations  occasion- 
ally till  old  ravines  and  other  depressions  in  the  formerly 
irregular  surfaces  now  smoothed  into  terrace-plains.  This  type 
of  the  deposit  is  well  exhibited  in  the  scarp  of  an  extensive 
terrace  near  Washington  (in  a  cutting  on  the  Falls  Church  road), 
and  in  the  cuttings  in  the  northeastern  part  of  the  same  city 
on  Benning's  roa(l ;  but  such  exposures  are  common,  and  those 
observed  and  noted  between  the  Roanoke  and  the  Delaware 
are  numbered  by  scores.  They  frequently  occur  above  the 
maximum  altitude  of  the  fluvial  phase  of  the  formation  in  the 
same  latitude. 

2.  A  second  type  is  exhibited  only  in  northern  New  Jersey 
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nd  on  the  marginal  portion  of  the  Piedmont  zone  at  altitudes 
eaching  250  feet  or  more.  It  consists  of  great  beds  of  well 
ounded  quartzite  cobbles  a  foot  or  less  in  diameter,  together 
nth  many  smaller  pebbles,  generally  imbedded  in  reddish  loam. 
i  representative  locality  is  the  plateau  (100  to  150  feet  above 
tde)  between  Harlingen  and  Rocky  Hill  and  five  or  six  miles 
orth  of  Princeton,  where,  over  an  area  of  several  square  miles, 
rell  rounded  quartzite  cobbles  cumber  the  fields  and  are 
eaped  up  along  the  lanes  in  great  winrows  sufficient  to  fence 
be  farms  and  pave  the  roads. 

3.  The  type  of  the  deposit  into  which  the  deltas  commonly 
lerge  is  a  confused  and  heterogeneous  mass  of  sand,  gravel, 
ad  pebbles  of  obscure  or  inconstant  structure,  the  materials 
vidently  derived  in  larger  part  from  the  sub-terrane  and  in 
nailer  part  from  the  contiguous  deltas,  and  the  thickness 
uiging  from  a  foot  or  two  to  perhaps  fifteen  or  twenty  feet. 
n  the  south  the  materials  are  predominently  fine,  comprising 
md,  clay  and  silt  interspersed  with  occasional  pebbles  up  to 
tiree  or  four  inches  in  diameter,  with  a  few  intercalated  sheets 
f  gravel ;  while  in  the  north  the  deposit  is  predominently 
oarse  and  gravelly,  especially  toward  the  northern  extremity 
f  the  Coastal  plain  where  it  has  been  recognized  by  Cook,  Lewis 
nd  Chester  as  "  Southern  Drift,"  "  Yellow  Gravel,"  "  Dela- 
ware Gravels,"  etc. ;  and  in  a  general  way  it  varies  in  coarse- 

and  in  thickness  from  the  fall-line  to  the  coast,  the  thick- 
increasing  and  the  coarseness  diminishing  seaward.  This 
j  by  far  the  most  extensive  type  of  the  deposit ;  it  covers 
•erhaps  three-fourths  of  the  area  of  the  Coastal  plain  ;  but 
eepite  its  vast  extent,  good  exposures  are  uncommon.  Those 
t  Ordinary  Point  on  Sassafras  river,  in  northern  New  Jersey, 
nd  on  Long  Island  (described  elsewhere  by  the  writer,  Cook 
nd  Merrill,  respectively),  are,  however,  representative  of  the 
ititndes  in  which  and  the  altitudes  at  which  they  occur. 

4.  At  low  levels,  especially  along  the  coast,  the  deposit  be- 
omes  fine,  assumes  moderately  regular  stratification,  attains 
onsiderable  thickness,  and  yields  recent  fossils.  This  type 
as  been  described  by  W.  B.  Kogers  in  eastern  Virginia,  Tyson 
a  peninsular  Maryland,  Booth  and  Chester  in  southern  Dela- 
ware, Conrad  in  New  Jersey  and  southern  Maryland,  Merrill 
n  Long  Island,  and  others  in  different  localities,  and  does  not 
equire  extended  notice  here. 

Summarily,  the  interfluvial  phase  of  the  formation  consists 
f  a  mantle  of  either  heterogeneous  or  definitely  assorted  and 
deposited  material,  largely  local  but  partly  erratic,  overspread- 
og  the  Coastal  plain  (except  along  the  water  ways),  from  the 
loanoke  to  the  Karitan,  and  encroaching  upon  the  Piedmont 
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region  in  the  north ;  this  general  mantle  merges  into  the 
elevated  deltas  of  the  fluvial  phase  on  the  one  hand,  and  into 
the  modern  alluvial,  estuarine  and  marine  deposits  on  the  other; 
and  it  is  either  buried  beneath  or  broken  up  and  incorporated 
within  the  terminal  moraine  in  its  northward  extension. 

Sources  of  Materials. — The  prevailing  materials  of  the  de- 
posit may  be  roughly  classed  as  (1)  well  rounded  cobbles  and 
pebbles,  such  as  those  of  northern  New  Jersey ;  (2)  well 
rounded  quartz  and  quartzite  gravel,  such  as  overspreads  penin- 
sular New  Jersey  ;  (3)  fine  gravel  and  sand,  clean  or  intermixed 
with  clay  or  silt,  forming  a  matrix  in  which  the  coarser 
materials  are  imbedded,  and  constituting  the  great  bulk  of  the 
deposit,  particularly  in  the  south  ;  (4)  loam,  resembling  that  of 
the  upper  division  of  the  fluvial  phase,  and  exemplified  by  the 
high  level  red  loams  of  northern  New  Jersey  and  southeastern 
Pennsylvania ;  and  (5)  clay  and  silt,  generally  stratified  and 
limited  to  low  altitudes.  The  sources  of  the  first  two  of  these 
classes  are  precisely,  and  those  of  the  next  two  proximately, 
determinate. 

1.  The  cobbles  of  northern  New  Jersey  are  in  form  and 
material  identical  with,  and  in  size  generally  smaller  in  a 
graduating  series  than,  the  high  level  bowlders  of  the  fluvial 
phase  along  the  Delaware;  both  are  identical  lithologically 
with  the  axial  quartzites  of  the  southeastern  most  Appalachian 
ranges ;  and  both  cobbles  and  bowlders  not  infrequently  eon- 
tain  fossils  identical  with  those  of  the  quartzite  ridges.  The 
erratics,  it  is  true,  are  commonly  more  profoundly  metamor- 
phosed than  the  parent  ledges ;  but  they  obviously  represent 
the  most  obdurate  portions  of  these  ledges,  and  moreover 
examination  shows  that  in  many  cases  the  metamorphism  is 
superficial  and  produced  by  interstitial  growth  after  the  manner 
described  by  Irving,  while  the  interior  remains  in  the  same 
condition  as  the  quartzites  now  found  in  situ.  Some  of  these 
cobbles  doubtless  formed  originally  a  part  of  the  Potomac 
formation,  and  were  removed  from  it  and  redeposited  during 
the  Columbia  epoch ;  but  others  appear  to  have  been  derived 
directly  from  the  quartzite  ranges  whose  bases  were  washed 
by  the  floe-bearing  Columbia  waters,  and  whose  ledges  were 
shattered  by  the  Columbia  cold.  Certainly  the  angular  blocks 
now  cumbering  the  upper  mountain  slopes,  and  the  smaller  and 
well-rounded  cobbles  imbedded  in  the  Columbia  formation,  are 
but  the  extremes  of  a  graduated  series  whose  continuity  can  be 
readily  traced  along  either  the  Delaware  or  the  Lehigh. 

2.  Save  that  its  average  size  is  slightly  smaller,  the  well- 
rounded  gravel  of  peninsular  New  Jersey  and  the  Maryland- 
Delaware  peninsula  is  identical  in  all  physical  characters  with 
that  of  the  Potomac  outliers  skirting  the   Piedmont  escarp- 
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ment  from  the  James  to  beyond  the  Schuylkill ;  there  is  not  a 
fossil*  nor  a  rock-variety  in  one  that  cannot  be  duplicated  in 
the  other;  the  materials  are  sometimes  absolutely  undistin- 
gnishable  in  hand-specimens  or  in  extensive  sections  except  by 
general  structural  features ;  and  in  some  cases  the  high-level 
gravels  of  the  Potomac  outliers  may  be  traced  continuously 
into  the  low-level  gravels  of  the  Columbia.  The  lower  mem- 
ber of  the  Potomac  formation  is  the  great  gravel  source  of  the 
Middle  Atlantic  slope,  and  has  furnished  materials  for  upper 
Potomac,  Cretaceous,  Eocene,  and  Miocene  gravel  beds;  but 
during  the  Columbia  period  of  delta-deposition  the  waves  of 
the  ocean  beat  upon  its  unprotected  outliers  between  the  Rap- 
pahannock and  the  Raritan,  and  especially  between  the  Sus- 
ouehanna  and  the  Delaware,  and  its  contributions  were  larger 
than  ever  before.  By  petrography,  by  paleontology,  by  sta- 
tural continuity,  and  by  physiographic  relations,  it  is  proved 
that  the  source  of  the  mysterious  gravels  of  the  northern 
Coastal  plain  are  derived  from  the  Mesozoie  gravel-heaps  of 
the  adjacent  Piedmont  margin. 

3.  In  a  general  way  the  line  gravel  and  sand  may  be  traced 
by  petrographic  similarity  to  the  immediate  subterrane  and  to 
tne  terranes  traversed  by  the  nearest  great  waterways  :  and  in 
some  cases — e.  g.,  where  they  consist  of  redeposited  Potomac 
arkose  with  little  admixture  of  foreign  matter — the  exact 
source  may  be  ascertained. 

4.  The  amount  of  loam  found  in  any  part  of  the  formation 
is  roughly  proportional  to  the  proximity  of  deltas ;  and  its  origin 
is  evidently  the  same  as  that  of  the  predominant  element  in 
the  upper  division  of  the  fluvial  phase  of  the  formation,  i.  e., 
it  is  reaeposited  residuary  debris  from  the  Piedmont  region. 

5.  The  clays  and  silts  appear  to  be  made  up  of  the  finest 
and  farthest-transported  debris  from  rocks  in  situ  and  from 
the  coarser  materials,  both  local  and  erratic. 

Genesis. — It  is  impossible  to  convey  definite  conceptions  of 
geologic  structure  or  topographic  configuration  by  verbal  de- 
scription ;  and  it  is  impracticable  to  prove  the  sub-aqueous  origin 
of  tne  interfluvial  phase  of  the  Columbia  formation  by  mechani- 
cal reproduction  of  structural  aspect,  as  in  the  fluvial  phase ;  but 
neither  is  necessary  (1)  since  the  sub-aqueous  deltas  of  the  fluvial 
phase  graduate  into  and  are  stratigraphically  continuous  with 
the  interfluvial  phase,  (2)  since  marine  fossils  have  been  found 
within  it  by  a  dozen  eminent  geologists  and  paleontologists 
(enumerated  later),  (3)  since  no  other  agency  or  agencies 
known  to  geologic  science  are  competent  to  produce  such  de- 
posits, (4)  since  its  margin  is  marked  by  unmistakable  shore- 
lines and  beaches,  and  (5)  since  every  geologist  who  has  ever 
investigated  any  considerable  part  of  the  formation,  including 
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Lyell,  Mather,  the  Rogers  brothers,  Tuomey,  Deeor,  Conrad, 
Booth,  Tyson,  Kerr,  Fontaine,  Cook,  Lewis,  Chester,  Merrill, 
Britton,  and  others,  has  recorded  the  conviction  that  such  part 
at  least  was  waterlaid.  The  physiographic  relations  of  the 
phenomena  and  the  area  over  which  they  prevail  are  such  that 
the  evidence  of  sub-aqueous  origin  is  cumulative,  and  now 
that  definite  observations  have  been  extended  over  the  greater 
part  of  the  area  it  can  only  be  regarded  as  decisive  ;  the  coarse- 
ness of  the  northern  deposits  as  compared  with  the  southern, 
and  the  occasional  presence  of  evidently  ice-dropped  bowlders 
indicates  that  the  period  of  submergence  was  one  of  refrigera- 
tion ;  and  the  limited  volume  of  tne  formation  indicates  that 
the  period  of  deposition  was  short. 

So  the  interfluvial  deposits  corroborate  and  extend  the  testi- 
mony of  the  deltas;  and  the  phenomena  conjointly  record  a 
brief  period  of  submergence  of  the  entire  Coastal  plain  in 
the  Middle  Atlantic  slope  reaching  100  feet  in  the  south  and 
over  400  feet  in  the  north,  with  coeval  cold,  long  anterior  to 
the  terminal  moraine  period. 

The   Terraces  and  Shore  Linen — Every   Middle   Atlantic 
slope  river  embouches  through  a  narrow  gorge  in  the  Pied- 
mont escarpment  into  a  widely  flaring  shallow  valley  partly 
occupied  by  the  estuarine  portion  of  the  river;  and  each  of 
these  valleys  is  notably  terraced.     The  city  of  Weldon  is  lo- 
cated on  a  broad  terrace  of  the  Roanoke  sixty  feet  above  its 
tidal  waters ;  Petersburg  is  built  upon  two  or  three  distinct 
terraces  flanking  the  Appomattox,  of  which  one  is  110  feet  in 
altitude  and  many  miles  in  extent ;  the  higher  portions  of  Rich- 
mond, including  the  public  park,  are  located  upon  an  extensive 
terrace  overlooking  James  river  from  a  height  of  180  feet  above 
tide  on  the  north,  while  another  terrace  eighty  feet  in  altitude 
has  an  area  of  at  least  twenty-live  square  miles  on  the  south 
side  of  the  river;  the  terraces  on  the  Rappahannock  at  Freder- 
icksburg are  as  distinctive  and  more  extensive  than  those  of  the 
lacustral  basins  of  Bonneville  *?ind  Lahontan,  as  are  also  those 
about  Washington  ;  the  valleys  of  the  Patuxent  and  Patapaco, 
of  the  Susquehanna,  and  of  the   Hrandywine  and  Schuylkill, 
exhibit   wide  reaching  series  of  terraces  of  progressively  in- 
creasing altitude ;  at  Trenton   the  Delaware  has  cut  a  narrow 
gap  in  an  otherwise  continuous  terrace  of  brick  clay  and  gravel 
of  great  extent  and   uniformity,  and   through   that   gap  the 
Trenton  gravels  have  been  swept ;  and  at  Metuchen,  X.  J., 
wonderfully  broad  terraces  extend  to   the  very  base   of  the 
hillocky  terminal   moraine,  which   has  evidently  been  pushed 
out  upon  their  plains. 

While  the  best  developed  terraces  about  the  mouths  of  the 
rivers  form   independent   systems,    the  higher  members  fre- 
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juently  extend  across  the  divides  from  river  to  river.  Thus 
between  the  Roanoke  and  the  Appomattox  the  highways 
traverse  sensibly  horizontal  plains,  only  broken  at  long  intervals 
by  the  low  steep  scarps  of  terraces,  or  by  the  narrow  steep- 
sided  ravines  incised  within  them,  the  plains  being  of  such 
extent  as  to  yet  remain  imperfectly  drained.  The  same  is  true 
>f  the  low  plateau  between  the  Appomattox  and  the  James, 
ind  of  the  greater  part  of  the  country  between  the  James  and 
Rappahannock.  North  of  the  Rappahannock  the  high  level 
terrace-plains  become  less  conspicuous  as  the  shore  line  rises 
from  the  friable  elastics  to  the  firm  crystalline  terranes,  but 
considerable  plains  occasionally  occur ;  and  between  the  Schuyl- 
kill and  the  terminal  moraine  beautiful  terrace-plains  of  wide 
Bxtent  are  carved  out  of  the  Triassic  sandstones  up  to  altitudes 
of  nearly  200  feet.  The  terraces  are  best  developed  along  the 
inland  margin  of  the  Columbia  formation,  but  reach  somewhat 
greater  altitudes,  ranging  from  about  100  feet  in  the  south  to 
more  than  400  feet  in  New  Jersey. 

Though  most  prominent  along  the  fall-line,  the  terraces  are 
not  confined  to  it,  but  occur  at  intervals  over  the  entire  Coastal 
plain,  their  extent  and  perfection  depending  upon  the  mate- 
rials in  which  they  are  carved  or  from  which  they  are  built, 
and  upon  the  erosion  they  have  suffered.  Thus  in  eastern 
Maryland  it  is  possible  to  approximately  map  the  western 
boundary  of  the  greensands  by  the  perfection  of  the  terraces 
— the  firm  clays  to  the  westward  being  everywhere  distinctly 
terraced,  while  the  more  friable  sands  nave  assumed  the  char- 
acteristic undulating  surface  happily  designated  u  topographic 
old  age  "  by  Chamberlin. 

In  brief,  there  is  a  practically  continuous  series  of  terraces 
and  beach  marks  along  the  fall  line  from  the  Roanoke  to  the 
terminal  moraine — a  series  of  shore  lines  as  distinctive  and  un- 
mistakable as  those  circumscribing  the  valleys  of  the  extinct 
lakes  of  the  Great  Basin,  of  India,  of  northern  Arabia,  or  of 
the  partially  ice-bound  basins  of  Minnesota,  Michigan,  Ohio 
and  New  'fork,  though  they  are  generally  more  profoundly 
modified  by  erosion  and  are  frequently  concealed  oy  forests. 
These  shore  lines  embody  an  easily  interpreted  record  of 
geologic  vicissitude  which  coincides  in  every  detail  with  that  of 
the  Columbia  deposits.  They  are  sometimes  carved  out  of  the 
sub-terrane  but  are  generally  built  of  the  loam,  sand,  and  gravel 
of  which  the  Columbia  formation  consists,  and  are  evidently 
coeval  therewith.  Now  it  is  manifest  that  these  terraces  are 
water  fashioned  ;  but  they  are  not  fluvial.  There  is  always  a 
vertical  component  in  fluvial  action,  and  the  energy  of  the 
action  varies  with  the  value  of  this  component ;  every  alter- 
ation in  the  course  of  a  wandering  stream  means  change  in 
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declivity,  and  every  change  in  declivity  means  modification  in 
competence  and  variation  in  deposits.  So  fluvial  deposits  are 
heterogeneous.  Moreover  rivers  take  the  paths  of  least  resist- 
ance and  flow  freely  in  deep  channels,  and  in  selecting  their 
courses  they  avoid  the  higher  levels  and  seek  depressions 
which  they  continually  deepen ;  the  deeper  the  initial  depres- 
sion the  more  rapidly  is  it  deepened ;  and  thus  fluvial  action 
ever  accentuates  irregularity  of  surface.  So  fluvial  plains  are 
multiform.  But  the  forces  concerned  in  the  formation  of  the 
Middle  Atlantic  slope  terraces  acted  horizontally  over  great 
distances  and  with  uniform  energy  for  a  considerable  period, 
filling  depressions,  softening  contours,  and  obliterating  relief, 
yet  so  jjently  that  essential  homogeneity  of  deposit  in  the  hori- 
zontal direction  and  essential  uniformity  in  surface  prevails  for 
miles.  Only  the  nndulatory  and  horizontally  acting  force  of 
waves  appears  competent  to  produce  so  great  expanses  of  uni- 
form surface  and  constant  structure  as  are  exhibited  in  this 
region 

By  the  testimony  of  terraces  and  shore-lines  the  existence  of 
inland  seas  and  lakes  of  Quaternary  age  in  many  portions  of 
the  world  has  been  proved  to  the  satisfaction  of  geologists ; 
yet  although  the  middle  Atlantic  slope  terraces  have  t>een  more 
deeply  graven  by  erosion  and  reduced  by  weathering,  they  are 
more  extensive  than  those  of  any  of  the  extinct  or  shrunken 
Quaternary  lakes  in  the  country  ;  and  their  testimony  is  equally 
decisive. 

[To  be  continued.] 


Art.  XXXII. — On  noine  peculiarhj  spotted  Rocks  from  Pigeon 
Point,  Minnesota  ;  by  W.   S.  Bayley. 

[Published  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey.] 

The  northeastern  extremity  of  Minnesota  is  known  on  the 
charts  as  Pigeon  Point.*  This  point  extends  in  an  easterly 
direction  into  Lake  Superior.  It  is  separated  from  Canada  by 
the  waters  of  Pigeon  Bay  and  Pigeon  River.  Its  length  is 
about  three  and  a  half  miles.  Its  width  varies  from  a  few 
hundred  feet  to  a  little  less  than  half  a  mile.  The  greater  por- 
tion of  its  mass  consists  of  a  great  dyke  of  coarse  olivine  gab- 
brof  or  diabase.     Associated  with  this  is  a  large  quantity  of 

*  The  exact  location  of  the  point  is  T.  64  X.,  R.  7  K.  of  the  4th  principal  meridian. 
Sections  25,  26,  27,  28,  29,  30,  31  and  32. 

t  Of.  Irving:  Copper- Bearing  Rocks  of  Lake  Superior,  Monograph  V,  U.  S.  Or. 
S.  Washington,  1883,  p.  369  et  seq. 
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bright  red  drusy  granite,  whose  relations  to  the  gabbro  have 
not  yet  been  satisfactorily  determined.  To  the  south  of  these 
eruptive  rocks,  on  the  Lake  Superior  side  of  the  point,  is  a 
narrow  strip  of  slates  and  quartzites,  which  dip  to  the  southeast 
at  an  angle  of  15°-20°,  and  are  cut  by  numerous  diabase  dykes. 
According  to  Irving*  these  slates  and  quartzites  belong  to  Hunt's 
Animik6  series  and  are  Huronian  in  age.  Upon  their  contact 
with  the  eruptives  these  fragmental  rocks  lose  all  traces  of 
sedimentary  origin.  Under  the  microscope  they  are  seen 
to  have  undergone  extreme  metamorphism.  Whether  this 
consists  in  a  mere  recrystallization  of  the  material  already 
existing  in  them,  or  in  a  recrystallization  with  the  addition  of 
Dew  substance  derived-  from  the  eruptive  rocks,  or  in  a  com- 
plete solution  of  their  fragments  in  the  latter  must  be  left  for 
Further  study  to  decide. 

The  object  of  the  present  paper  is  to  describe  certain  pecu- 
liar spots  noted  on  the  quartzites  in  a  few  localities  and  to  dis- 
cuss briefly  their  origin. 

The  quartzites  in  their  unaltered  forms  comprise  evenly 
bedded  light  gray,  pinkish  and  black  varieties.  These  are  all 
very  compact  and  hard,  and  have  the  vitreous  appearance 
characteristic  of  indurated  quartzites.  They  are  cut  by  joint 
cracks  running  in  a  north  and  south  direction  and  standing 
dearly  vertical.  The  sides  of  these  cracks  are  usually  coverea 
with  little  quartz  crystals.  Under  the  microscope  the  darker 
varieties  are  seen  to  consist  mainly  of  round  and  angular  pieces 
of  quartz,  in  a  groundmass  of  interlocking  silica,  which  under 
crossed  nicols  is  resolved  into  small  areas  optically  continuous 
with  the  original  grains  to  which  they  are  attached,  f  De- 
composed orthoclase,  colored  red  by  minute  plates  of  hematite 
and  iron  hydroxide,  a  very  little  plagioclase,  sometimes  fresh 
but  more  frequently  much  altered,  little  flakes  of  brown  bio- 
tite,  chlorite,  and  grains  of  magnetite  and  earthy  iron  minerals 
constitute  the  balance  of  the  rock.  In  the  lighter  varieties 
the  plagioclase  is  more  abundant  and  the  chlorite  much  less  so. 
In  the  pinkish  varieties  reddened  orthoclase  and  plagioclase 
make  up  about  half  of  the  entire  rock. 

In  certain  restricted  areas  on  the  south  shore  of  the  point, 
notably  in  the  western  half  of  section  25  and  in  the  southeast 
quarter  of  section  32,  curious  circular  spots  are  developed  on 
tne  surface  of  the  quartzite.  These  spots  vary  in  size  from  less 
than  a  quarter  of  an  inch  to  over  two  inches  in  diameter.  On  a 
weathered  surface  they  appear  as  slight  depressions  surrounded 
by  a  raised  rim  of  a  lightish  brick-red  color.     Their  distribution 

*  This  Journal,  xxxiv,  1887,  p.  262. 

fCf.  Irving  and  Van  His©:  Bulletin  of  the  U.  S.  GeoL  Survey,  No.  8,  Wash- 
Dgton,  1884. 
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is  very  irregular.  Frequently  a  single  spot  stands  alone.  Some- 
times two  or  more  spots  are  united,  and  when  this  is  the  case 
one  rim  encloses  the  group.     Figure  1  represents  the  shape  and 

general  appearance  of  some 
<Qt  of  these  groups  as  seen  on 
a  smooth  weathered  surface. 
When  the  rock  bearing 
such  spots  is  broken  it  is 
observed  that  the  bodies 
producing  them  are  them- 
selves either  lenticular  in 
shape  or  spherical.     They 

Fig.  1.  About  one-third  actual  diameter*,    T^^gg  a  gugary  texture  and 

are  of  a  pistachio  green  color,  when  moistened  with  hydro- 
chloric acid  they  effervesce  with  a  slight  evolution  of  gas. 
Like  the  circles  on  a  weathered  surface  these  spheroidal  bodies 
are  also  surrounded  by  a  narrow  brick-red  rim.  The  rims 
are  here  fairly  well  dehned  against  the  substance  which  they 
enclose,  but  on  their  outer  edges  gradually  shade  off  into  the 
body  of  the  rock. 

Associated  with  these  spotted  rocks,  but  at  a  greater  distance 
from  the  eruptives,  are  other  quartzites  which  show  no  spots 
on  a  weathered  surface,  but  which  contain  little  concavities 
with  diameters  of  about  the  same  magnitude  as  those  of  the 
spots  mentioned  above.  On-  a  fresh  fracture  of  these,  instead 
of  the  green  spheroidal  bodies,  are  circular  and  oval  areas, 
which  reflect  the  light  evenly,  as  from  a  smooth  cleavage  sur- 
face, and  show  a  silvery  luster.  When  treated  with  aeicls  they 
effervesce  verv  brisklv.  Thev  are  nothing  more  than  concre- 
tions  of  calcium  carbonate  so  often  met  with  in  the  slates  and 
sandstones  of  many  regions.* 

Tinier  the  microsco|>e  the  body  of  a  specimen  of  one  of 
these  rocks  (Xo.  ll,4t>l  of  the  collection  of  the  Lake  Superior 
Division  l\  S.  Geological  Survey » is  seen  to  be  composed  of  an 
aggregate  of  quartz,  feldspar  and  green  mica.  The  quartz  is 
in  rounded  grains,  which  everywhere  show  secondary  enlarge- 
ment. Much  of  the  feldspar  is  triclinic.  The  green  mica  is 
slightly  ploochroie  and  seems  to  have  crystallized  in  position. 
A  few  grains  of  magnetite  are  scattered  through  the  section, 
and  small  areas  of  calcite  are  occasionally  found  enclosing  the 
other  constituents.  The  silvery  spots  consist  of  perfectly  trans- 
parent calcite.  This  encloses  all  the  other  constituents,  which 
a iv  the  same  as  those  found  in  the  main  portion  of  the  section. 
It  polarizes  in  large  areas,  although  several  of  these  are  seen 
in  a  single  spot. 

*  Ot.  rsohenuak  :   Lehrbiieh  der  Minendogie,  Auf.  II,  p.  117. 
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The  rocks  immediately  associated  with  the  spotted  rocks 
in  the  same  beds,  but  which  themselves  are  free  from  spots, 
differ  but  slightly  from  the  last  described  rock  in  structure. 
They  contain,  however,  quite  a  large  quantity  of  chlorite, 
which  has  clearly  been  derived  from  biotite  on  the  one  hand, 
and  from  feldspar  on  the  other.  Closely  intermingled  with 
this,  but  more  particularly  in  the  neighborhood  of  little  calcite 
nests  numerous  irregularly  shaped  plates  of  a  light  green, 
Btrongly  pleochroic  and  brightly  polarizing  epidote  are  fre- 
quent. In  most  cases  however  the  epidote  occurs  iji  tiny 
rounded  grains  and  rudely  outlined  crystals  scattered  every- 
where throughout  the  feldspathic  and  chloritic  groundmass  m 
which  the  enlarged  quartzes  are  imbedded.  These  little  parti- 
cles are  sometimes  crossed  by  cleavage  cracks  parallel  to  which 
extinction  takes  place.  They  have  a  faint  greenish  tinge  and 
a  v^ry  high  refractive  index.  In  addition  to  chlorite  and  epi- 
dote the  rocks  of  this  class  sometimes  contain  flakes  of  brown 
biotite,  magnetite  and  calcite. 

The  groundmass  of  the  spotted  rocks  when  examined  under 
the  microscope,  presents  the  same  features  as  are  observed  in 
the  epidote-bearing  rocks  just  described,  except  that  the  epi- 
dote grains  are  much  less  abundant  and  in  some  cases  are 
almost  entirely  lacking. 

The  spots,  on  the  contrary,  are  usually  very  rich  in  epidote. 
They  consist  of  enlarged  quartz  grains,  a  littje  feldspar  and 
occasionally  a  small  quantity  of  chlorite,  all  imbedded  in  a 
mass  of  calcite  and  epidote.  The  amount  of  calcite  present 
varies  within  wide  limits.  It  sometimes  occupies  nearly  the 
entire  space  between  the  quartz,  feldspar  and  chlorite  to  the 
almost  complete  exclusion  of  the  epidote.  In  other  cases  it 
occurs  only  sparingly,  while  the  epidote  is  massed  in  little 
plates,  grains  and  crystals.  Only  rarely  were  well  terminated 
crystals  observed  (No.  11.463).  These  average  -fa  of  a  milli- 
meter in  length.  A  few  forms  are  represented  in  figure  2. 
Although  but  very  slightly  pleochroic, 
the  true  nature  of  the  crystals  cannot 
be  doubted.  In  color  they  are  of  such 
a  very  pale  green  tint  as  to  be  almost 
colorless.  They  possess  a  cleavage 
and  an  extinction  parallel  to  their 
long  axes,  have  a  high  index  of  re- 
fraction and  are  usually  free  from 
inclusions.  They  are  distinguished 
from  sahlite,  which  they  closely  re- 
semble, by  the  fact  that  the  plane  of 
their  optical  axes  is  at  right  angles  to  ^  2#    x  200* 

their  cleavage. 
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Around  the  spots  are  clear  zones  corresponding  to  the  raised 
rims,  mentioned  as  surrounding  the  hollow  interiors  of  spots 
on  a  weathered  surface.  These  zones  are  sometimes  composed 
of  grains  and  plates  of  epidote  larger  than  those  found  in  the 
interior  of  the  spots,  either  with  or  without  calcite.  When 
epidote  is  present  in  the  rims  there  is  a  scarcity  of  this  min- 
eral in  the  interior  of  the  spots.  This  is  the  rule  in  those  rocks 
which  contain  a  large  amount  of  altered  feldspar  and  chlorite. 
In  these  feldspar,  quartz,  chlorite,  a  little  bleached  biotite, 
little  plates  of  hematite  and  grains  of  magnetite  constitute 
both  Ihe  interior  of  the  spot  and  the  body  of  the  rock.  In 
the  spot  the  chlorite  is  better  crystallized  than  elsewhere.  The 
rim  contains  only  quartz,  calcite  and  epidote,  except  on  its 
outer  edge,  where  there  is  an  accumulation  of  red  oxide  of 
iron.  In  those  cases  in  which  the  interior  of  the  6pots  con- 
tains a  large  amount  of  epidote,  the  exterior  zone  is  compara- 
tively free  from  this  mineral,  consisting  essentially  of  quartz 
and  feldspar  stained  red  by  iron  oxides.  In  both  cases  chlo- 
rite is  absent  from  the  rim. 

Although  each  specimen  of  these  spotted  rocks,  when  ex- 
amined under  the  microscope,  presents  features  peculiar  to 
itself,  it  is  unnecessary  to  descril>e  them  all.  It  is  sufficient  to 
have  called  attention  to  their  most  striking  characteristics,  and 
to  have  mentioned  merely  those  features  common  to  the  class. 
The  incidental  peculiarities  dne  most  probably  to  slight  differ- 
ences in  the  original  composition  of  different  parts  01  the  beds 
have  been  neglected. 

The  occurrence  of  the  spots  in  well  detined  beds  lying  be- 
tween those  which  contain  no  spots,  would  at  once  lead  to  the 
supposition  that  they  owe  their  origin  to  the  existence  in  these 
beds  of  some  substance,  which  was  absent  from  those  contain- 
ing no  spots,  The  &Jia|>e  of  the  spots  and  their  groupings 
suggest  concretions.  Epidote  is  not  known  to  occur  in  such 
forms  in  fragmemal  rocks,  while  concretions  of  calcite  are 
common.  The  existence  of  such  calcite  concretions  in  the 
unaltered  rocks  of  Pigeon  Point  is  clearly  established  in  the 
one  instance  mentioned  aln»ve  <No.  11,461).  Here  we  have  a 
quart/.ite  differing  in  no  wise  from  similar  quartzites  occurring 
at  a  distance  from  the  eruptive  rocks,  except  in  the  possession 
of  calcite  concretions.  Nearer  the  eruptives,  whether  these 
be  irranite  or  diabase,  are  other  quartzites  containing  a  little 
more  well  individualized  chlorite  and  large  quantities  of  epi- 
dote. This  epidote  i>  closely  associated  with  calcite,  the  latter 
increasing  with  the  decrvisc  of  the  former,  and  the  two  being 
alwavs  bounded  by  the  outlines  common  to  concretionary 
bodies  in  sedimentary  rocks.  As  the  result  of  a  large  number 
of   studies  upon  limestones  which  have  been  altered  in  the 
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neighborhood  of  eruptive  masses  it  has  been  found  that  epi- 
dote* is  one  of  the  most  common  of  the  new  minerals  pro- 
duced. Moreover.it  is  known  that  in  these  cases  of  limestone 
metamorphism  the  eruptive  rocks  have  added  but  little,  if  any, 
of  their  substance  to  the  intruded  rock,  except  perhaps  silica. 
Their  principal  agency  in  the  production  of  contact  phenomena 
has  been  heat.  The  percolation  of  silica-bearing  solutions 
through  calcite-bearing  sedimentables  was  alone  not  sufficient 
to  produce  the  crystallized  epidote  described  above.  This  is 
evident  from  the  existence  of  epidote-free  calcite  concretions 
in  rocks  occurring  at  some  distance  from  any  eruptive  mass, 
while  at  the  same  time  these  rocks  are  typical  indurated  quart- 
zites  in  which  all  the  quartz  grains  have  been  enlarged  by  the 
deposition  of  secondary  silica  around  them  (No.  11,461). 
There  was  no  necessity  for  the  addition  to  these  concretions  of 
any  material  from  the  eruptive  rocks  in  order  to  change  them 
into  epidote.  They  already  contained  the  elements  essential  to 
the  formation  of  this  mineral.  These  merely  needed  an  oppor- 
tunity to  arrange  themselves  in  the  form  of  epidote — a  very 
stable  compound  under  the  conditions  prevailing  during  con- 
tact metamorphism,  as  so  many  investigations  have  shown. 
This  opportunity,  it  is  believed,  was  afforded  by  the  appear- 
ance 01  the  eruptive  masses.  The  epidotic  rocks  and  spotted 
quartzites  are  always  found  in  close  proximity  to  masses  of 
eruptive  origin.  They  moreover  contain  large  amounts  of 
newly  developed  chlorite,  a  result  which  may  likewise  be 
ascribed  to  contact  action.  It  would  seem,  then,  that  we  are 
justified  in  regarding  these  epidotic  rocks,  particularly  the 
spotted  varieties,  as  the  result  of  the  action  of  the  intrusive 
rocks,  upon  the  sedimentary  beds  through  which  they  forced 
their  way  from  beneath. 

Where  calcite  was  scattered  in  little  nests  through  the  mass 
of  the  f ragmental  rocks,  epidote  is  now  found  in  similar  rela- 
tions to  the  other  constituents.  Where  the  calcite  was  present 
in  spheroidal  concretions  enclosing  quartz  grains,  feldspar, 
chlorite,  etc.,  there  now  occur  little  spheroidal  bodies  con- 
sisting in  large  part  of  crystals  of  epidote.  The  hard  envelopes 
around  these  spheroids  appear  to  owe  their  power  to  resist 
weathering  principally  to  the  lack  of  chlorite  in  their  composi- 
tion. 

In  closing  I  would  acknowledge  my  obligations  to  Dr.  Geo. 
H.  Williams  of  the  Johns  Hopluns  University  for  valuable 
suggestions  offered  during  the  earlier  portion  of  this  study. 

January  19,  1888. 

*  Cf.  J.  Roth :  Allgemeine  und  chemische  Qeologie,  Bd.  i,  p.  428  et  seq. ;   and 
Roeenbusch:  Mikroskopische  Physiographic,  1885,  Bd.  i  p.  498. 
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Art.  XXXIII. — The  Taconic  System  of  Emmons,  and  t 
the  name  Taconic  in  Geologic  nomenclature;  by  Chas.  D. 


and  the  use  of 
„.w  ™„_  „w,™  v.v  „^^v„„„. — •www„,by  Chas.  D. 
Walcott,  of  the  U.  S.  Geological  Survey.     With  Plate  IIL 

(Continued  from  page  327.) 

Nomenclature. 

I.  Use  of  the  name  Taconic.  II.  Use  of  the  name  Cambrian. 
IIL  Classification  of  North  American  Cambrian  rocks. 

•  

Use  of  the  name  Taconic. — To  the  writer  the  evidence  pre- 
sented and  referred  to  in  the  preceding  pages  proves  that  the 
"  Taconic  System "  wa$  founded  on  errors  of  stratigraphy  of 
such  character  and  magnitude  that  the  name  Taconic  nas  no 
claim  upon  the  geologist  for  recognition  in  geologic  nomenclat- 
ure. 

I  endeavored  to  make,  in  1886,  an  argument  for  the  npe  of 
the  name  Taconic  for  the  Middle  division  of  the  Cambrian 
System,  but  it  failed  in  the  light  of  later  results  of  field  work; 
and  now  I  think  that  geologic  nomenclature  will  be  benefited 
by  dropping  the  name  entirely.  Based  on  error  and  miscon- 
ception originally,  and  used  in  an  erroneous  manner  since,  it 
serves  only  to  confuse  the  mind  of  the  student,  when  applied 
to  any  formation  or  terrane.  There  are  several  reasons  for  the 
foregoing  conclusions  that  perhaps  it  is  best  to  here  state : 

1st.: — The  name  is  not  applicable.  The  Taconic  range,  from 
which  the  "  Taconic  System "  was  named,  is  not  known  to 
contain  a  fossil  of  the  First  fauna  or  a  formation  that  contains 
one  elsewhere.  The  "  Upper  Taconic  "  slates  lie  west  of  the 
range,  and  the  "  Granular  Quartz  "  series  east  of  it ;  and  the 
range  is  formed  of  strata  of  the  Trenton  Hudson  Terrane. 

2d. — The  "Taconic  System"  was  considered  pre-Potsdam, 
on  two  suppositions :  (a)  that  the  Calciferous  sandrock  of  the 
Lower  Silurian  is  unconformably  superjacent  to  the  Taconic 
slates,  on  the  west ;  (h)  that  the  variation  of  the  lithologic  char- 
acters of  the  Lower  Taconic  rocks,  from  the  New  York  Lower 
Silurian,  indicates  a  distinct  svstem  of  rocks.  We  find  that 
the  unconformity  (a)  was  based  on  errors  of  field  observation, 
and  (7>),  that  the  "  Lower  Taconic  "  rocks  are  of  Lower  Silu- 
rian age,  with  the  exception  of  the  lower  quartzite,  which  is 
Cambrian  and  conformably  subjacent  to  the  Lower  Silurian. 

3d. — The  claim  of  priority  of  discovery  of  the  Primordial 
fauna  is  invalidated  by  the  fact  that  the  fossils  found  in  the 
Taconic  slate  were  referred  to  a  pre-Potsdam  horizon  on  an 
erroneous  interpretation  of  the  stratigraphy  and  not  from  com- 
parison with  a  known  fauna  that  had  been  stratigraphically  lo- 
cated in  any  clearly  defined  geologic  section. 
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4th. — It  is  only  a  fortunate  happening,  and  not  a  scientific 
induction  based  on  accurate  stratigraphic  or  paleontologic 
work,  that  any  portion  of  the  u  Taconic  System  "  is  found  to 
be  where  Dr.  Emmons  placed  it. 

5th. — The  application  of  the  principles  6tated  at  the  begin- 
ning of  this  paper  rules  out  the  name  Taconic  from  geologic 
nomenclature. 

6th. — The  term  Cambrian  antedates  Taconic  for  a  strati- 
graphic  system  and,  also,  as  a  correctly-deiined  faunal  defini- 
tion. 

It  was  stated  under  "  Discussion  "  that  Professor  Dana  held 
the  opinion  that  the  "  Lower  Taconic  "  was  the  typical  "  Ta- 
conic System."  as  first  defined  in  1842,  but  as  that  was  proven 
to  be  Lower  Silurian  in  age,  the  "  Taconic  System  "  could  not 
longer  be  recognized.*  For  a  time  I  was  inclined  to  disagree 
with  this  view,  out  as  I  approach  the  end  of  this  investigation 
I  am  convinced,  after  a  full  consideration  of  all  the  circum- 
stances, that  the  position  taken  by  Professor  Dana  is  the  cor- 
rect one. 

The  first  published  section  of  the  "  Taconic  System  "  gives 
all  the  rocks  included  within  it  in  1842.f  The  gneiss  is  rep- 
resented on  the  extreme  east  and  the  u  Taconic  slate "  on  the 
extreme  west  and  the  "shales  of  the  Champlain  group"  as 
resting  unconformably  on  the  a  Taconic  slate."  This  section 
includes  all  the  strata  of  the  "  Taconic  System,"  as  then  known 
to  Dr.  Emmons,  and  agrees  with  the  description,  in  the  accom- 
panying text,  of  the  rocks  of  the  System.^ 

Five  additional  sections  are  given  on  Plate  XI,  four  of  which 
are  in  the  typical  area  and  agree  with  the  section  in  the  text 
(loc.  cit.,  p.  145,  fig.  46).  The  latter  section  and  the  first  four 
sections  oi  Plate  XI  do  not  extend  west  of  the  area  of  Hudson 
slate  on  the  line  of  Hoosick  Falls  in  Rensselaer  Co.,  N.  Y. 
(see  map).  They  all  limit  the  "  Taconic  System  "  at  this  belt 
of  the  Hudson  Terrane,  and  the  accompanying  text  corrobo- 
rates the  view  expressed  in  the  sections.  A  glance  at  the  map 
shows  that  not  one  single  outcrop  of  rock  of  the  "  Upper 
Taconic  "  was  included  in  the  "  Taconic  System,"  as  originally 
proposed,  with  the  exception  to  be  noted  of  Section  5,  Plate 
XI,  and  not  until  1887  was  it  proven  that  any  portion  of  the 
>riginal  Taconic  System  was  older  or  subjacent  to  the  horizon 
>f  the  Potsdam  sandstone.  As  is  mentioned  in  the  1st  reason 
jiven  for  rejecting  the  name  Taconic,  there  is  not  a  known 
ttratum  of  rock  in  the  Taconic  range  that  is  of  the  geologic 

*  This  Journal,  TIT,  vol.  xxxi,  pp.  241-244,  1886. 
f  Geol.  N.  Y  ,  pt.  2,  p.  145,  fig.  46,  1842. 
X  Loc.  cit,  pp.  144,  145. 
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age  assigned  to  it  by  Dr.  Emmons.  In  1841  he  incorporated 
a  great  series  of  slates  and  shales  belonging  to  another  geologic 
system  by  extending  his  sections  across  the  western  belt  of  the 
Hudson  Terrane,  that  limited  the  section  of  1842,  and  on  west 
to  the  next  line  of  outcrop  of  Lower  Silurian  rocks.  This 
addition  gave  the  opportunity  to  separate  off  the  u  Upper 
Taconic  "In  1856.  I  have  shown  that  all  his  reasons  for  call- 
ing this  series  pre-Potsdam  were  based  on  errors  of  strati- 
graphy ;  and  that  it  was  a  fortunate  happening  that  any  por- 
tion of  the  "  Upper  Taconic "  rocks  occur  where  he  placed 
them  in  his  stratigraphic  scheme.  Even  if  there  were  no 
errors  to  vitiate  Dr.  Emmons's  argument  for  the  pre-Potsdam 
position  of  the  u  Upper  Taconic,"  that  portion  of  his  system 
could  not  retain  the  name  u  Taconic ;"  for  it  belongs  to  a  dif- 
ferent stratigraphic  system  from  that  to  which  the  strata  of 
the  Taconic  range  belong  and  to  which  he  gave  the  name 
44  Taconic." 

Section  V,  of  Plate  XI,  represents  a  section  of  strata  a  few 
miles  south  of  Burlington,  Vt.,  and  includes,  not  the  "  Taconic 
System  "  of  the  first  five  sections  and  the  text  by  Dr.  Emmons 
in  1842,  but  strata  entirely  disconnected  from  the  original 
Taconic,  which,  nineteen  years  later,  was  proven  to  belong  in 
part  to  the  "  Upper  Taconic."  This  section  is  not  mentioned 
in  the  text,  but  it  is  evidently  considered  as  exhibiting  the 
same  relative  geologic  section  as  the  other  sections,  a  view  that 
is  substantiated  by  the  name  u  Taconic  slate "  being  given  to 
the  strata  referred  to  the  "Taconic  System."  There  is  not  any 
stratigraphic  connection  between  the  Vermont  section  (No.  5) 
and  the  sections  in  the  Taconic  area  (see  map),  and  until  1859 
there  was  not  any  paleontologic  evidence  that  the  slates  of  sec- 
tion 5  were  or  were  not  of  the  same  geologic  age  as  the  4%  Ta- 
conic slates''  of  the  five  other  sections  and  the  text.  In  1859 
the  publication  of  the  Olenellus  fauna  by  Professor  Hall, 
proved  that  Dr.  Emmons  was  mistaken  in  referring  the  Ver- 
mont slates,  of  section  5,  to  his  Taconic  System  of  1842.  I  do 
not  think  that  we  can  admit  as  evidence  in  favor  of  the  strata 
of  the  u  Upper  Taconic  "  having  been  described  in  the  original 
work  of  1842,  such  an  erroneous  identification  of  a  section  that 
had  at  the  time  no  stratigraphic  or  paleontologic  connection 
with  the  original  Taconic  System. 

It  was  not  until  the  field  work,  in  the  fall  of  1887,  was  con- 
cluded that  I  arrived  at  the  above  conclusions.  Professor 
Dana  reached  it  long  before,  and  Dr.  T.  S.  Hunt  holds  that  the 
"Lower  Taconic''  is  the  typical  Taconic.  It  matters  not 
whether  geologists  agree  to  restrict  the  test  of  what  the  origi- 
nal Taconic  was  to  the  original  Taconic  of  1842  or  hold  that 
Dr.  Emmons  had  the  right  to  add  the  strata  separated  off  into 


* 
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the  "Upper  Taconic"  in  1856,  the  name  Taconic  does  not  ap- 
pear to  have  any  place  in  the  geologic  nomenclature  of  today. 
The  following  tabulation  of  the  successive  phases  of  tne 
Taconic  system  viewed  in  the  light  of  present  facts  is  instruc- 
tive. It  was  proposed  in  a  letter  from  Professor  Dana  to  the 
writer: 

Phase  I,  1842. 

"  Taoonic  System  " True  order  begins. 

6.     Stockbndge  limestone II.    Lower  Silurian  limestone. 

-   S  Magnesia!!  slate  of  Graylock III.    Hudson  slate. 

' '(  Granular  quartz I.     Cambrian. 

4.  Limestone IT.    Lower  Silurian  limestone. 

3.  Magnesian  slate  of  Taconic  mountains III.     Hudson  slates. 

2.  Sparry  limestone II.    Lower  Silurian  limestone. 

1.  Taconic  slate III.    Hudson  slates. 

Phase  II,  1844. 

5.  a.  Black  slate.     Fossiliferous I.     Cambrian. 

b.  Taconic  slate  "  Mostly  Hudson  slate. 

4.  Sparry  limestone II.    Lower  Silurian  limestone. 

3.  Magnesian  slates III.     Hudson  slates. 

2.  Stookbridge  limestone II.    Lower  Silurian  limestone. 

1.  Granular  quartz I.     Cambrian. 

Phase  III,  1855. 
I.   Upper  Taconic. 

2.  Black  slate I.    Cambrian. 

1.  Taconic  slate III.    Mostly  Hudson  slate. 

II.  Lower  Taconic. 

3.  Magnesian  slate III.    Hudson  slate. 

2.  Stockbndge  limestone  and  Sparry  lime- 

stone     II.    Lower  Silurian  limestone. 

1.    Granular  quartz I.    Cambrian. 

Use  of  the  name  Cambrian. — There  is  no  necessity  for  re- 
viewing the  Silurian-Cambrian  controversy.  All  the  facts,  as 
understood  by  many  writers,  are  accessible  to  the  student  of 
English  geologic  literature.  It  is  my  opinion  that  the  name 
Cambrian  should  be  used  for  the  system  of  strata  characterized 
by  the  "  First  Fauna." 

The  Cambrian  System  was  correctly  established  on  a  strati- 
graphic  basis  in  1835,  and  included  the  same  relative  geologic 
terranes  as  the  "  Taconic  System,"  with  the  exception  of  going 
a  little  lower  in  the  section  containing  the  Primordial  iauna. 
Like  the  Taconic,  it  included  the  Lower  Silurian  (Ordovician) 
System,  a  fact  noted  and  corrected  by  Dr.  Emmons,  for  the 
Cambrian,  in  1842.  The  Cambrian  section  stands  intact  to- 
day, and,  on  f aunal  evidence,  separates  into  two  great  divisions, 
the  lower  of  which  is  the  Cambrian  System,  as  used  by  many 

*  Made  equivalent  to  the  lower  un fossiliferous  part  of  Sedgwick's  Cambrian  as 
known  to  Dr.  Emmons  at  that  time. 
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writers  for  the  system  of  strata-  characterized  by  the  u  First 
Fauna,"  and  the  upper  the  Cham  plain  of  Emmons,  the  Lower 
Silurian  of  Murchison,  or  the  Ordovician  of  some  more  recent 

authors. 

• 

Classification  of  North  American  Cambrian  Rocks. 

In  the  classification  of  the  fossiliferous  sedimentary  rocks  of 
all  countries  it  becomes  more  and  more  evident  that  the  great 
systems — Cambrian,  Silurian,  Devonian,  etc. — must  rest  on  the 
broad  zoologic  characters  of  their  included  faunas  and  not  on 
stratigraphic  breaks  between  the  systems,  and  that  geologists 
will  need  to  recognize  the  fact  so  well  stated  by  Lapworth,  that 
"  we  have  no  reliable  chronological  scale  in  geology  but  such  as 
is  afforded  by  the  relative  magnitude  of  zoological  change — in 
other  words,  that  the  geological  duration  and  importance  of 
any  system  is  in  strict  proportion  to  the  comparative  magnitude 
and  distinctness  of  its  collective  fauna."*  In  pursuance  of  the 
above  principle  1  have  separated  the  Cambrian  System  in 
North  America  from  the  Lower  Silurian.  In  the  magnitude 
of  sedimentation  and  extent  of  the  fauna  it  ranks  with  the 
other  great  geologic  systems,  and  we  cannot  unite  it  with  the 
Lower  Silurian  except  from  reasons  that,  if  followed  out,  will 
unite  all  the  systems  from  the  Cambrian  to  the  Quaternary. 

In  arranging  the  different  strata  composing  the  Cambrian 
System  three  primary  divisions  are  distinguished  by  the  pre- 
dominence  in  each  of  a  fauna  that,  in  assemblage  of  genera  and 
species,  may  be  separated  from  others  whenever  two  or  more 
of  them  occur  in  the  same  stratigraphic  section.  This  extends 
to  the  identification  of  the  relative  geologic  horizon  by  the 
fauna  when  its  vertical  or  geographic  connection  with  other 
faunas  is  not  preserved.  The  three  divisions  of  the  table  have 
been  recognized  to  a  greater  or  less  extent  in  all  the  sections 
of  Cambrian  strata  studied  in  North  America,  and  all  the  ob- 
served Cambrian  faunas  come  within  their  limits. 

The  second  column  in  the  table  gives  local  names  that  have 
been  applied  within  certain  geologic  provinces,  where  the 
fauna  and  the  sedimentation  indicate  a  greater  uniformity  of 
conditions  than  existed  throughout  the  larger  areas  outlined  bv 
the  first  three  divisions.  The  right-hand  column  gives  the 
names  of  local  subdivisions  where  the  conditions  of  sedimenta- 
tion and  of  life  were  still  more  restricted. 

The  table  is  a  correlation  of  the  various  sections  described 
in  the  introduction  to  IT.  S.  Geological  Survey  Bulletin  No.  30, 
and  hence  is  tentative.  It  is  the  expression  of  my  present 
knowledge  and  opinion.      All  who   use  it  in  geologic  work 

*  Geol.  Mag.,  vol.  vi,  p.  3,  1879. 
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should  refer  to  the  data  given  in  that  Bulletin,  and  decide  indi- 
vidually upon  the  value  of  the  correlations  made  in  the  table. 


Lower 
Calciferous. 

i 

Lower  portion  of  the  Calciferous  formation  of  New 
York  and  Canada.  Lower  Magnesian  of  Wis- 
consin, Missouri,  etc. 

Upper 
Cambrian. 

Potsdam. 

Knox. 
Tonto. 

Potsdam  of  New  York,  Canada,  Wisconsin,  Texas, 
Wyoming,  Montana  and  Nevada;  Tonto  of  Ari- 
zona ;  Knox  Shales  of  Tennessee,  Georgia  and 
Alabama.  The  Alabama  section  may  extend 
down  into  the  Middle  Cambrian. 

Middle 
Cambrian. 

Georgia. 

L'Anse  au 
Loup. 

Prospect. 

Georgia  and  "  Granular  Quartz  "  formations  of  Ver- 
mont, Canada,  New  York  and  Massachusetts. 

Limestones  of  L'Anse  au  Loup,  Labrador. 

Lower  part  of  Cambrian  section  of  Eureka  and 
Highland  Range.  Nevada.  Upper  portion  of 
Big  Cottonwood  Cation  Cambrian  section.  Utah. 

Lower 
Cambrian. 

St.  John. 
Brain  tree. 
Newfound- 
land. 
Uinta? 

Paradoxidos  beds  of  Brain  tree,  Mass.,  St.  John, 
New  Brunswick.  St.  John's  area  of  Newfound- 
land :  Lower  portion  of  L%  Cottonwood  Canon 
Cambrian  section,  Utah.  Uinta?  (The  Ocoee 
conglomerate  and  slates  of  East  Tennessee  are 
doubtfully  included.) 

Description  of  the  Map  and  Section. 

The  map  shows  the  geographic  distribution  of  the  strata  re- 
ferred to  the  "  laconic   System  "  in  eastern  New  York  and 
western  Vermont,  Massachusetts  and  Connecticut.     The  data 
for  it  are  taken  from  the  Geological  map  of  Vermont  and  New 
Hampshire,  by  Professor  C  H.  Hitchcock,  1877  (Geol.  North- 
ern New  England) ;  the   maps  published  by  Professor  Dana, 
on  the  geology  of  the  region  studied  by  him  in  western  Massa- 
chusetts and  Connecticut,  and  eastern  New  York ;  and  the  map 
of  southwestern  Vermont,  published  by  Professor  Dana  on  the 
result  of  Rev.  A.  Wing's  field  studies  (Am.  Jour.  ScL,   3d 
eer.,   vol.   xiii,   1877);    and   for  Washington   and  Rensselaer 
Counties,  N.  Y.,  as  mapped  from  field  work  done  by  myself 
in  1886-87. 

The  line  of  contact  of  the  Cambrian  and  pre-Cambrian  rocks 
on  the  east,  in  Vermont,  is  tentative,  as  it  is  known  to  be  in- 
correct in  details ;  the  data  for  correcting  it  have  not  been  ob- 
tained. 

Certain  changes  in  the  identification  of  the  strata,  as  com- 
pared with  the  older  maps,  have  been  rendered  necessary  by 
the  correlations  made  in  this  paper ;  and  the  shales,  in  the 
vicinity  of  the  limestones  south  of  the  Rensselaer  county  line, 
have  not  been  colored,  as  it  is  yet  undetermined  whether  they 
belong  to  the  Hudson  or  Cambrian  Terrane.  The  shales  im- 
mediately beneath  the  limestone  (3)  are  shown  as  a  distinct 
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terrane  (2)  in  the  section  bnt  on  the  map  they  are  merged  with 
the  Georgia  terrane  (5). 

The  exact  localities  of  fossils  within  the  typical  Taconic  area 
are  shown  by  the  letter  F.  Many  localities  to  the  north  and 
south  are  not  indicated 

Section. — The  geologic  section  crosses  the  Taconic  area  on 
the  line  marked  A,  B,  on  the  map,  which  is  very  near  the  line 
of  the  original  section  published  by  Dr.  Emmons  in  1847 
(Geol.  N.  Y .,  pt.  1,  pi.  xviii,  Sec.  1).  On  the  line  C,  D  fossils 
have  been  found  more  abundantly  on  the  eastern  side,  and  the 
structure  is  found  as  in  Dr.  Emmons's  section  of  1856. 

1.  Cambrian  quartzite — Terrane  No.  1. 

2.  Hydromica  (Potsdam  ?)  shales — Terrane  No.  2. 

3.  Trenton,  Chazy  and  other  limestones  of  the  Lower  Silurian 

— Terrane  No.  3. 

4.  Hudson  (hydromica)  shales  of  the  Taconic  range  and,  in  the 

Hudson  valley,  the  Hudson  terrane — Terrane  No.  4. 
4a.  A  belt  of  strata  of  the  Hudson  terrane,  faulted  in  between 
Cambrian  rocks — Terrane  No.  6  of  text. 

5.  5a.  Slates,  with  inter  bedded  limestones  and  sandstones  of 

the  Georgia  Terrane,  of  the  Cambrian — Terrane  No.  5. 

6.  Pre-Cambrian   (Agnotozoic)   or  Archean   rocks,     a,  5,  c,  d, 

fault  lines,  known  to  the  writer,  in  Washington  Comity, 
N.  Y.  The  hade  of  the  Ball  Mountain  fault  (a)  is  ap- 
proximately correct  (see  fig.  12)  while  that  of  the  oilier 
faults  is  probably  much  more  oblique  or  inclined  to  hori- 
zontal than  as  represented.  They  are  drawn  to  show  where 
they  occur  and  not  to  indicate  the  hade  or  angle  of  the 
faults.  The  minor  undulations,  faults  ai>d  displacements 
that  occur  on  the  east  side,  between  3  and  the  gneiss  are 
not  represented. 

Comparing  this  with  Dr.  Emmons's  sections,  we  find  a  dif- 
ference in  the  arrangement  of  the  strata  in  the  eastern  half. 
The  "Lower  Taconic"  embraced  the  strata  from  Terrane  No. 
1,  on  the  east,  to  Terrane  No.  3,  on  the  west  side  of  the  Ta- 
conic range,  and  included  all  the  strata  of  the  original  "  Taconic 
System  "  as  known  and  defined  by  Dr.  Emmons  in  1842.  The 
"  Upper  Taconic"  included  the  strata  of  terranes  Nos.  2,4, 
4#,  5,  and  5a,  west  of  the  Taconic  Range,  which  was  added  to 
the  original  "Taconic  System"  in  1844. 

I  have  not  attempted  to  show  that  the  quartzite  contains 
interbedded  limestones  and  schists  in  some  localities,  nor  that 
the  limestone  series  (3)  is  broken  by  interbedded  schists  or  are- 
naceous beds;  nor  that,  as  at  Gray  lock,  the  quartzite  (1)  ex- 
tends completely  beneath  the  synclinal  of  the  limestone  (3)  and 
appears  on  the  western  side.     It  is  only  the  illustration  of  the 


£.  D.  Salisbury — Terminal  Moraines  in  Germany.   401 

general  relations  of  the  quartzite,  limestone  and  schists  to  each 
other  that  is  attempted. 

To  the  west  of  the  Taconic  Range  the  section  passes  down 
through  the  limestone  (3)  to  the  iiydromica  schists  (2),  and 
thence  to  the  great  development  of  slates  and  shales  with  their 
interbedded  sparry  limestones,  calciferous  and  arenaceous  strata, 
all  of  which  contain  more  or  less  of  the  Olenellus  or  Middle 
Cambrian  fauna.* 

No.  2  occupies  the  stratigraphic  position  of  the  Potsdam  for- 
mation elsewhere ;  and  5  and  5a  by  contained  fauna  and  strati- 
graphic  relations,  are  correlated  with  the  Granular  Quartz 
series  (1)  and  referred  to  the  horizon  of  the  Middle  Cambrian, 
as  the  latter  is  defined  in  Bulletin  30,  U.  S.  Geological  Survey, 
and  in  the  table  of  classification  (ante). 

Between  the  limestone  (3)  and  the  slates  (5)  there  are  several 
displacements,  but  none  to  displace  the  strata  sufficiently  to 
bring  rocks  of  other -formations  in  sight,  and  so  break  the  sec- 
tion that  the  general  relations  of  3,  2  and  5  can  be  interpreted 
by  me  in  a  dmerent  manner  from  that  given  in  the  section. 


Abt.  XXXIV. — Terminal  Moraines  in  North  Germcmy  ;  by 
Professor  R.  D.  Salisbury,  of  Beloit,  Wisconsin. 

Dubino  the  past  summer  some  observations  have  been  made 
upon  the  drift  formations  of  northern  Germany  which  may 
not  be  without  interest  to  the  students  of  Quaternary  Geology 
in  America.  It  is  the  writer's  expectation  to  continue  the 
same  line  of  studv  next  season.  It  is  due  toPresident  T.  C. 
Chamberlin,  who  has  done  so  much  for  Quaternary  Geology  in 
America,  to  say  that  the  study  of  the  drift  phenomena  of  the 
above  specified  region  was  undertaken  at  his  suggestion,  and 
that  he  nad  forecast  with  surprising  accuracy,  the  results  which 
observation  has  confirmed. 

So  far  as  the  work  has  been  prosecuted,  attention  has  been 
mainly  directed  to  a  terminal  moraine,  or,  more  exactly,  to  a 
terminal  morainic  belt,  which  crosses  Germany,  and  which  has 
been  traced  in  more  or  less  detail  from  Denmark  to  the  Rus- 
sian border.  In  the  tracing  of  this  belt,  the  main  reliance  has 
been  upon  topography,  which  here,  as  in  America,  affords  the 
most  reliable  and  the  most  available  single  criterion  for  the  de- 
termination of  the  formation. 

So  striking  is  the  topography  throughout  the  greater  part  of 
the  course  of  p  the  moraine  in  Germany,  that  it  could  not  fail  to 

*  Thirty-five  species  in  Washington  County,  N.  Y„  as  known  to  date.    (See 
this  Journal  for  September,  1887). 
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attract  the  attention  of  one  familiar  with  the  surface  expres- 
sion of  terminal  moraines.  The  determination  of  the  general 
course  of  this  belt  is,  therefore,  attended  with  no  difficulty, 
and  its  surface  deportment,  taken  together  with  other  charac- 
teristic accompaniments,  is  such  as  to  leave  no  possible  doubt 
as  to  the  genuineness  of  its  morainic  character.  The  other 
features  01  terminal  moraines  upon  which,  in  the  absence  of 
decisive  topography,  reliance  must  be  placed,  are  never  want- 
ing where  the  topography  is  strongly  marked.  This  is  as  true 
of  the  formation  in  Germany  as  in  America,  but  the  necessity 
of  resorting  to  these  less  decisive  characteristics  as  a  prime 
means  of  determination,  is  here  less  frequent. 

In  some  portions  of  its  course,  the  morainic  belt  is  single 
and  strongly  developed,  and  its  limits  sharply  defined  in 
others  it  is  composed  of  more  or  less  distinct  members,  some- 
times weak  and  unobtrusive,  and  often  assuming  complex  rela- 
tionships. The  number  of  these  constituent  belts,  as  they 
now  appear  is  not  constant.  In  certain  meridians,  four  have 
been  recognized,  more  or  less  distinctly  separated  from  each 
other,  while  in  other  parts,  through  the  union  of  two  or  more 
of  these  members,  the  number  is  reduced  to  three,  two  or  even 
one. 

No  attempt  will  be  made  at  this  time  to  indicate  the  position 
of  these  individual  belts,  though  through  considerable  portions 
of  the  course  of  the  moraines,  this  might  be  done.  Detailed 
study  will  make  it  possible  to  map  these  constituent  belts,  and 
to  determine  with  some  degree  of  precision,  their  relationship** 
in  time. 

It  is  to  be  borne  in  mind,  therefore,  that  although  the  belt 
is  here  outlined  in  its  entirety,  and  as  if  it  were  a  unit,  it  is 
not  to  be  regarded  as  a  single  moraine,  or  even  as  a  belt  of 
moraines  necessarily  closely  connected  in  origin,  or  in  point  of 
thn<\  The  belt,  as  here  outlined,  embraces  a  broad  tract, 
within  which  morainic  developments  are  a  general — a  domi- 
nant fact.  Occasionally  the  belt  is  seriously  interrupted,  in 
some  or  all  its  parts  by  broad  gaps,  some  of  which  represent 
the  drainage  avenues  of  the  ice-period,  and  some  of  which 
appear  to  be  the  beds  of  lakes  which  occupied  reentrant  area? 
within  the  margin  of  the  ice  itself.  In  a  general  statement  of 
the  course  of  the  moraine,  and  only  a  general  statement  is  here 
admissible,  these  details  cannot  tind  place.  Within  the  belt 
too  as  here  outlined,  there  are  numerous  inter-morainic  tract*, 
which  are  now  and  then  of  considerable  proportions. 

The  width  of  the  morainic  belt  is  so  great  that  the  position 
of  the  outer  and  inner  borders  will  be  separately  indicated. 
Leaving  out  of  consideration  for  the  moment  certain  subordi- 
nate, but  very  significant  phenomena  which  will  be  adverted  to 
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• 

later,  the  course  of  the  moraine-belt,  commencing  at  the  west, 
is  essentially  as  follows : 

Through  the  northern  part  of  the  province  of  Schleswig,  it 
lies  near  the  eastern  coast  of  the  peninsula,  having  a  nearly 
north-and-south  course.  It  passes  through  Flensburg  at  the 
head  of  Flensburg  Fjord,  and  beyond  tnis  point  assumes  a 
course  bearing  slightly  more  to  the  east,  but  still  nearly  corre- 
sponding to  the  coast-line.  Its  outermost  (southwestern)  border 
lies  a  little  southwest  of  the  city  of  Schleswig,  and  a  few  miles 
north  of  Rendsburg  (province  Holstein),  on  the  Eider.  Con- 
tinuing in  the  same  general  direction,  the  outer  border  lies  a 
few  miles  north  of  a  line  connecting  Rendsburg  with  Neu 
Minister.  Its  limit  is  here  sharply  defined,  and  easily  recog- 
nized. Beyond  Neu  Minister  it  bears  more  to  the  south,  and 
passes  near  Segeberg,  Oldesloe  and  Molln.  Here  it  curves 
more  to  the  eastward,  and  passes  near  Zarrentin,  on  Schall  lake 
and  near  Boddin. 

Eastward  from  this  point  (lat.  53°  35',  Ion.  28°  45'),  the  belt 
is,  for  some  distance,  very  complex  and  discontinuous,  at  least 
in  its  outer  portions.  The  individual  moraines  are  widely 
separated,  ana  the  area  here  outlined  is  therefore  proportionally 
wide,  and  embraces  much  territory  which  is  not  morainic.  The 
general  course  of  the  belt  however  is  continuous  in  a  direction 
south  of  east.  Its  southern  border  lies  south  of  Pritzwalk 
and  Wittstock  (province  Brandenburg),  in  the  vicinitv  of  Neu 
Ruppin,  and  a  little  north  of  Eberswalde  (lat.  52°  45 ,  Ion.  31° 
30').  In  the  longitude  of  Pritzwalk  and  Wittstock,  the  main 
developments  are  much  farther  north,  although  reasonably 
strong  moraines  lie  as  here  indicated.  East  of  this  point  the 
moraines  reach  their  southernmost  extension.  For  some  dis- 
tance east  of  Eberswalde  their  course  is  easterly  and  then  bears 
to  the  northward.  The  main  developments  lie  north  of  a  line 
passing  near  Soldin,  Friedeberg,  Woldenberg,  south  of  Neu 
Stettin,  and  north  of  Konitz,  from  which  point  the  outer 
border  follows  a  generally  northeasterly  course  to  the  longitude 
of  Danzig. 

The  northern  border  of  the  moraine-belt  to  this  point,  com- 
mencing with  Schleswig,  follows  approximately  the  coast  line 
as  far  as  Rostock.  Its  width  is  therefore  very  great.  East  of 
Rostock,  the  northern  border  lies  north  of  Teterow,  near  Neu 
Brandenburg,  a  little  south  of  Pasewalk  and  north  of  Stettin. 
Eastward  from  Stettin,  its  course  is  more  or  less  direct  to  a 
point  a  few  miles  north  of  Danzig. 

From  the  meridian  of  Danzig  a  moraine  of  huge  propor- 
tions swings  to  the  southeast,  thus  exhibiting  on  German  soil, 
the  phenomenon  of  morainic  looping  so  abundantly  repre- 
sented in  the  United  States.     The  southern  border    of  this 
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eastern  loop  lies  south  of  Stargard,  near  Jablonowo  and  Man- 
towo  (lat.  53°  20',  Ion.  37°  2C).  Here  its  course  becomes  more 
easterly,  and  finally  north  of  east,  passing  near  Ortelsbnrg 
(lat.  53°  30',  Ion.  38°  30^,  and  thence  extending  in  a  generally 
direct  course  to  Lyck,  near  the  Russian  frontier  (lat.  53°  45', 
Ion.  40°).  The  corresponding  northern  border  lies  north  of 
Riesenberg  (province  Ost  Preussen),  a  little  north  of  Morungem 
near  Bischonstein  and  Rastenburg  (lat.  54°,  Ion.  39°). 

In  cases  in  which  the  individual  members  of  the  morainic 
series  are  not  united  with  each  other,  they  are  sometimes  dis- 
tinctly traceable  individually,  and  sometimes  so  connected  by 
cross  ranges,  as  to  form  a  sort  of  morainic  complex  or  network. 
The  separate  ranges  are  individually  strong  at  certain  places 
and  weak  at  others.  They  are  sometimes  all  strong  on  a  given 
meridian,  sometimes  all  weak,  and  again  some  are  massive 
while  others  are  feeble.  The  moraines  or  the  morainic  belt, 
therefore,  considered  as  a  unit,  constitutes  a  very  different  topo- 
graphic feature  in  different  regions,  and  is  generally  much 
more  conspicuous  when  the  moraines  are  united,  than  when 
they  are  separated. 

Apart  from  the  relief  produced  by  the  formation  itself,  the 
country  traversed  by  the  moraine  is  generally  level.  It  fe 
therefore  often  a  conspicuous  feature,  rising  200  feet  or  300 
feet,  and  even  400  feet  above  the  surrounding  country.  With 
a  given  elevation  it  is  conspicuous  or  unobtrusive,  according  as 
its  rise  from  the  bordering  lowlands  is  prompt  or  gradual.  It 
is  sometimes  so  prominent  as  to  have  received  the  local  appel- 
lation of  mountain  range,  and  numerous  points  are,  in  this 
level  country,  designated  mountains.  It  is  possible  that  in 
such  cases  the  total  elevation  is  not  always  entirely  due  to  drift 
accumulation,  although  no  evidence  to  the  contrary  is  at  hand. 
Throughout  most  oi  its  course,  the  belt  constitutes  so  promi- 
nent a  relief  feature  as  to  have  been  a  potent  factor  in  deter- 
mining drainage. 

The  topography  of   the    moraine   distinguished    from   the 
moraine  as  a  topographic  feature — is  exceedingly  varied.     For 
the  most  part  it  is  characterized  by  the  knob  and  basin  topog- 
raphy which  is  so  generally  characteristic  of  terminal  moraines 
in  similar  situations.     This  topography  finds  expressions  in  all 
degrees  of  strength.      Even  when  oi  the  sag  and  swell,  «'»r 
knob  and  basin  type,  there  may  be,  with  a  given  altitudinal 
variation,  wide  variations  of  topography  limited  on  the  one 
hand  by  the  nature  of  the  material,  which  limits  the  maximum 
gradient  of  slopes,   and  on  the  other  by  the  width  of  the  mo- 
raine, which  fixes  the  minor  limit  possible  within  the  same. 
These  extremes,  as  well  as  all  gradations  between  them,  tind 
place  in  the  moraine  in  question.      The  topography  is  now 


R.  D.  Salisbury — Terminal  Moraines  in  Germany.   405 

•ough,  now  gentle,  according  as  the  elevations  and  depressions 
lave  steep  or  gentle  slopes.  Throughout  wide  stretches  of  the 
moraine,  the  altitudinal  variations,  within  narrow  areal  limits 
we  fully  100  feet.  Not  infrequently,  isolated  basins,  "  kettles," 
no  more  than  10  or  12  rods  in  diameter,  have  a  depth  of  50 
feet  below  the  lowest  points  of  their  borders,  while  pointed 
knolls  rise  100  feet  or  more  in  their  immediate  vicinity.  Com- 
monly the  topography  is  less  strongly  marked,  the  undulations 
assuming  gentler,  flowing  contours,  with  variations  much  less 
than  those  indicated. 

More  broadly  considered,  the  relief  of  the  moraine  is  not  con- 
fined to  so  narrow  limits.  At  many  points  there  are  variations 
of  200  feet  or  250  feet  within  the  moraine.  These  however 
are  not  commonly  so  closely  associated  as  are  those  of  smaller 
proportions,  so  that  even  with  the  greater  range,  the  surface 
may  appear  less  rough.  Occasionally  the  moraine  surface  is 
wanting  in  knolls  and  basins,  but  this  is  rarely  the  case  for 
any  considerable  distance. 

The  topography  and  the  complexity  of  the  moraine,  together 
with  its  great  width,  afford  abundant  opportunity  for  the  for- 
mation of  lakes,  which  are  accordingly  an  almost  constant  con- 
comitant of  the  moraine.  Their  number  is  exceedingly  great. 
So  characteristic  are  they,  and  so  nearly  restricted  to  the  mo- 
raine, that  a  tracing  of  the  lake  belt  would  be  almost  identical 
with  a  tracing  of  the  moraine  itself. 

In  constitution,  the  moraine  presents  all  the  diversities 
common  to  such  formations.  Sand,  gravel  and  clay  predomi- 
nate each  in  turn,  and  the  ratio  between  coarse  and  fine  mate- 
rial is  an  ever-varying  one.  In  general,  it  may  be  said  that 
the  moraine  is  predominantly  sandy,  at  least  superficially,  and 
that  the  proportion  of  stony  material  is  great. 

Scarcely  less  characteristic  than  the  features  of  the  moraine 
itself,  are  certain  deposits  of  drift,  widely  associated  with  it. 
Among  these  are  the  extensive  plains  of  sand  and  gravel,  par- 
ticularly the  former,  which  skirt  the  outer  face  of  the  moraine. 
In  scores  of  localities  which  have  fallen  under  notice,  approach 
to  the  moraine  from  the  south  is  over  a  wide  belt  of  sand, 
which  has  a  distinct  though  gradual  upward  incline  toward  the 
moraine.  The  material  of  these  border  plains  becomes  coarser 
as  the  moraine  -is  neared,  and  contains  bowlderets  and  even 
bowlders  in  the  immediate  vicinity  of  the  range. 

It  is  to  be  observed  that  the  moraine  lies  far  north  of  the 
southern  limit  of  drift,  just  as  the  main  moraines  of  America 
lie,  throughout  the  larger  part  of  their  course,  far  north  of  the 
southern  drift  limit. 

In  all  these  characteristics,  viz  :  in  its  composition  from  sev- 
eral members,  in  its  variety  of  development,  m  its  topographic 


406    R.  D.  Salisbury — Terminal  Moraines  in  Germany. 

relations,  in  its  topography,  in  its  constitution,  in  its  associated 
deposits,  and  in  its  wide  separation  from  the  outermost  drift 
limit,  this  morainic  belt  corresponds  to  the  extensive  morainic 
belt  of  America  which  extends  from  Dakota  to  the  Atlantic 
Ocean.  That  the  one  formation  corresponds  to  the  other  does 
not  admit  of  doubt.  In  all  essential  characteristics  they  are 
identical  in  character.  What  may  be  their  relations  in  time 
remains  to  be  determined. 

It  is  not  improbable  that  the  outer  and  inner  members  of 
this  series,  where  widely  separated  geographically,  are  also 
somewhat  widely  separated  in  time.  Tne  former  frequently 
show  unmistakable  signs  of  greater  age.  Where  the  geograph- 
ical separation  does  not  obtain,  this  difference  is  also  wanting. 
This  relationship  would  be  easily  explained  by  supposing  that, 
where  the  range  is  single,  the  margin  of  the  ice  was  as  far 
advanced  at  the  time  of  the  formation  of  the  subsequent  mo- 
raines (or  at  least  at  the  time  of  the  last),  as  at  the  time  of  the 
formation  of  the  first,  and  that,  where  the  moraine  is  two-fold 
or  more,  the  ice  failed  at  a  corresponding  number  of  moraine- 
forming  periods,  to  reach  its  earlier  position.  Analogous  rela- 
tionships were  long  since  recognized  in  America. 

It  may  be  fitting  to  mention  a  few  localities  where  the 
moraine  may  be  seen  in  strongly  typical  development.  Snch 
are  (1)  in  province  Holstein,  the  region  about  (especially  north 
of)  Eutin  ;  (2)  province  Mecklenburg  north  of  Crivitz  and  be- 
tween Butow  and  Kropelin  ;  (3)  province  Brandenburg,  south 
of  Reckatel,  between  Strassen  and  Barenbuseh,  south  of 
Fiirstenberff  and  north  of  Eberswalde,  and  between  Pvritz  and 
Soldin  ;  (4)  province  Posen,  east  of  I^ocknitz,  and  at  numer- 
ous points  to  the  south,  and  especially  about  Falkenburg,  and 
between  Lompelburg  and  Barwalde.  This  is  one  of  the  best 
localities  ;  (5)  province  West  Preussen,  east  of  Biitow :  (fi) 
province  Ost  Preussen,  between  Horn  and  Windikin. 

The  drift-covered  area  south  of  the  indicated  belt  is  not  alto- 
gether without  moraines,  and  in  this  respect  also  the  German 
and  American  fields  are  similar.  Furthermore,  in  Germanv  as 
in  America,  these  outer  developments  are  less  continuous, 
partly  because  of  subsequent  erosion  and  partly  because  of 
their  originallv  weaker  and  more  discontinuous  character. 
Detailed  work  will  doubtless  make  it  possible  to  show  the  con- 
nections of  these  local  (as  they  now  appear)  fragments,  some 
of  which  have  but  a  limited  development,  while  others  maybe 
traced  for  considerable  distances. 

Without  mentioning  more  isolated  occurrences  of  this  kind, 
reference  may  be  made  to  certain  morainic  phenomena  south 
of  Berlin,  and  which,  though  not  consecutively  traced,  appear 
to  constitute  for  some  distance  a  traceable,  though  quite  unob- 
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trusive  belt.  At  several  points  both  east  and  west  there 
are  fragments  of  moraines  of  undoubted  character.  These 
outer  occurrences  are  significant,  but  their  full  meaning  will ' 
only  be  understood  when  detailed  work  shall  have  shown 
their  relationsliips.  It  is  not  impossible  that  a  chain  of 
such  isolated  formations  may  be  found  to  be  so  situated 
with  reference  to  each  other,  as  to  indicate  an  outer  mo- 
raine of  greater  age  than  the  northern  group.  It  is  possible 
that  some  of  the  accumulations  there  included,  belong  rather 
with  these  outer  fragments,  in  time  of  origin,  though  not 
widely  separated  geographically  from  the  later  formations  to 
the  north.  In  this  case,  the  variation  in  the  position  of  the 
ice-front  at  different  epochs  must  have  been  great. 

The  failure  to  bring  the  drift  formations  of  the  continent  of 
Europe  into  closer  correspondence  with  those  of  our  own 
country,  is  to  be  attributed,  in  part  at  least,  to  the  absence  of  a 
common  basis  of  study.  The  terminal  moraines  are  unques- 
tionably the  most  conspicuous,  and  by  means  of  their  topog- 
raphy the  most  easily  recognized  of  the  drift  formations. 
They  are  therefore  especially  adapted  to  serve  as  common 
centers  of  study,  and  with  this  one  common  phase  of  the  drift 
formations,  which  may  be  in  some  sense  a  standard  of  compari- 
son the  work  of  geologists  on  opposite  sides  of  the  water 
may,  more  readily  than  heretofore  be  correlated,  and  such  cor- 
relation cannot  fail  to  facilitate  the  solution  of  the  many  yet 
unsolved  problems  in  glacial  geology. 

Heidelberg,  Nov.  15,  1887. 


Art.  XXXV. — Note  on  the  Viscosity  of  Gases  at  High  Tem- 
peratures and  on  the  Pyrometric  use  of  the  principle  of 
Viscosity ;  by  Carl  Barus.* 

By  passing  gases  under  known  conditions  through  capillary 
tubes  of  platinum,  kept  at  measured  temperatures  between 
5°  and  1400°,  I  have  found  a  series  of  data  lor  the  relation  be- 

*  The  forthcoming  Bulletin  of  the  U.  S.  Geological  Survey  to  which  the  present 
note  refers,  is  a  first  contribution  to  a  research  on  tiie  physical  constants  of  rocks, 
the  experiments  of  which  are  to  follow  a  general  plan  devised  by  Mr.  Clarence 
King.  The  Bulletin  in  question  is  restricted  to  methods  of  high  temperature 
measurement  and  will  be  in  six  parts,  of  which  the  first  is  a  brief  historical  intro- 
duction. Chapter  I  of  the  work  discusses  experiments  which  Dr.  William  Hal- 
lock  and  I  made  in  New  Haven  with  a  very  large  high  temperature  apparatus. 
In  Chapter  II  (which  with  the  following  chapters  is  my  contribution)  I  investigate 
apparatus  and  methods  for  the  practical  calibration  of  electrical  pyrometers  by  aid 
of  fixed  thermal  data.  In  Chapter  III  I  discuss  certain  pyrometric  qualities  of 
the  alloys  of  platinum  generically,  and  tho  data  lead  to  curious  electrical  results. 
In  Chapter  IV  I  describe  methods  for  the  calibration  of  electrical  pyrometers 
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tween  viscosity  and  temperature  of  which  the  following  little 
table  is  a  good  exhibit  Air  and  hydrogen  are  the  gases  chosen 
In  the  table  0",  r/\  £",  respectively  aenote  the  temperature, 
the  viscosity  and  the  coefficient  of  external  slip  of  the  gas, 
R''  the  radios  of  the  capillary  tube  at  d" ;  and  7,  J,  B,  aa?e 
the  corresponding  signification  at  0°  C.  The  measurements 
were  made  absolutely.  The  time  of  efflux  if)  for  a  known 
volume  of  gas  V^SQ*  nearly,  varied  in  round  numbers  from 
<=160-c  at  0°  C.  to  t=2SoO"e  at  1200°  for  air,  and  from 
*=85"c  at  0°  C.  to  t=9QO~  at  0 '=  1000°  for  hydrogen.  R  in 
these  experiments  is  about  O'OOIV**.  The  capillary  platinum 
tubes  were  used  in  fascicles  of  two,  side  by  side,  and  wound 
together  in  form  of  a  nearly  compact  helix,  at  the  internal  and 
external  surfaces  of  which  temperature  was  measured.    From 

the  absolute  values  of  r/' :  ( 1 +4-]kr,  )>  the  quotients  in  the  third 

column  of  the  table  are  computed,  which  quotients  in  propor- 
tion as  £"  approaches  zero  reduce  to  tj" :  r).     With  this  value  I 

have  compared  (l+<*0")*  where  a=0-003665.     This  compari- 


1 

0" 

565° 
592 
995 
1216 

442 

569 

982 

•     1210 

*" 

1 

\+4C"/R" 
* 

DifL 

2113 
2- 158 
2785 
3099 

1  900 
2119 
2766 
3  092 

1  +  a:/r 

2-083 
2117 
2  693 
3147 

1-991 
2.149 
2711 
3-214         1 

Air  (Table  XXV) 

Air  (Table  XXVIII) 

-030 
-•041 
-•092 
+  •048 

+  •091 
+  •030 
-055 
+  ■122 

Hydrogen  (Table  XXVI) 
Hydrogen  (Table  XXVII) 

961 
1212 

• 

418 
512 
520 
952 

2-772 
!          3581 

1-935 
2-098 
21 13 
2  760 

2734 
3095 

1-858        ' 
2023 
2036 
2721 

-r-03> 
+  •486* 

+  •077 
+  •075 
+  •077 
+  -0H9 

*  Platinum  pervious  to  hydrogen, 
(notably  the  thermoelement)  by  direct  comparison  with  the  air-thermometer.  I 
have  given  the  porcelain  bulb  a  reentrant  form,  the  l>ottom  folding  inward  in 
such  a  way  as  to  form  a  narrow  cylindrical  tube,  the  closed  end  ot  which  is  at  the 
center  of  figure  of  the  bulb.  Into  this  central  tube  the  juncf-on  of  the  thermo- 
couple to  be  calibrated  is  inserted.  To  further  insure  identity  in  the  environments 
of  the  two  pyrometers  to  t>e  compared,  the  air  thermometer  bulb  is  snuply 
surrounded  by  a  spherical  muffle  revolving  around  a  horizontal  axis.  This  muffle 
is  in  its  turn  surrounded  by  the  walls  of  a  nearly  spherical  furnace,  the  burners 
or  which  are  set  something  like  a  force-couple  and  blow  into  the  furnace  a  cyclone 
01  name  revolving  around  the  vertical.  Chapter  V  concludes  with  a  full  experi- 
mental discussion  of  the  subject  set  forth  in  the  above  text 
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ton  is  made  in  the  fourth  column  and  the  residual  errors 
inserted  in  the  final  column.  The  data  given  are  typical 
values.     f  symbolizes  Helmholtz's  u  Gleitungs-coefficient." 

From  the  table  it  follows  that  for  the  range  of  temperatures 
within  which  I  have  observed  the  mean  increase  of  gaseous 
viscosity  takes  place  proportionally  to  the  two-thirds  power  of 
absolute  temperature.  Interpreted  by  aid  of  the  well-known 
Clau6iu8-Maxwell  relations,  the  results  of  the  table  may  be 
stated  succinctly  thus :  The  mean  free  path  of  the  molecule  of 
a  perfect  gas  varies  directly  as  the  sixth  root  of  its  absolute 
temperature.  I  had  hoped  to  find  that  at  temperatures  suffi- 
ciently high  the  mean  free  path  would  be  independent  of  tem- 
perature, a  law  to  be  regarded  as  a  criterion  of  a  perfect  gas 
and  for  which  the  experiments  of  E.  Wiedemann  when  used 
to  interpret  the  low-temperature  results  of  O.  E.  Meyer, 
Puluj,  Warburg,  Obermayer,  and  particularly  the  admirable 
researches  of  Holman*  seemed  to  contain  suggestive  evidence. 
But  after  applying  many  devices  for  the  removal  of  errors,  I 
found  that  my  original  results  were  not  essentially  changed. 
Accepting  the  law  of  sixth  roots  as  indicating  perfect  gaseity 
(i.  e.  the  non-occurrence  of  ephemeral  mechanically  cohering 
molecular  aggregates)  it  appears  that  the  linear  magnitude, 
mean  free  path,  is  proportional  to  the  cube  root  of  the 
velocity  of  the  mean  square, — a  singularly  suggestive  result. 

The  chief  discrepancy  of  my  work  is  this,  that  the  tempera- 
ture measured  externally  is  not  identical  with  the  temperature 
at  which  transpiration  actually  occurs.  Taking  the  transpira- 
tion data  alone  they  show  a  surprising  degree  of  accordance 
even  above  1300°.  If  [0"]  be  the  temperature  computed  from 
transpiration  data  under  assumption  of  the  above  law,  I  found 
in  successive  measurements,  for  instance  : 


0" 


436° 

446 

455 


[H 

0" 

568° 

570 

575 

m 

450° 

459 

469 

575° 

577 

581 

If  the  law  governing  the  thermal  variations  of  the  viscosity 
of  a  gas  were  rigorously  known,  Poiseuille-Meyer's  equation 
applied  to  transpiration  data  would  enable  us  to  measure  tem- 

*  After  a  careful  consideration  of  his  own  results  and  those  of  all  earlier  ob- 
servers, Mr.  Holman  has  discarded  exponential  relations  altogether.  For  my  own 
part,  I  believe  that  at  the  present  stage  of  research  a  conservative  policy  is  the 
wiser.  In  chemistry  the  hypothesis  of  residual  affinity  is  fast  gaining  ground. 
Hence  before  final  decision  can  be  made,  it  will  be  necessary  to  have  exhausted 
data  for  an  interval  of  temperature  (say  500°  to  1 000°)  within  which  the  ephem- 
eral molecular  aggregates  in  question  may  reasonably  be  assumed  to  be  absent. 
Discussion  must  be  reserved  for  the  Bulletin. 
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perature  absolutely,  over  a  wider  thermal  range  and  with  a 
degree  of  precision  and  convenience  nnapproached  by  any 
other  known  method. 

The  present  method  lends  itself  easily  for  the  study  of  disso- 
ciation phenomena  in  gases.  I  hope  to  be  able  to  show  that  in 
the  case  of  imbedded  capillaries,  the  method  may  be  used  for 
the  high  temperature  study  of  vapor  tensions  and  phenomena 
near  the  critical  temperature.  From  such  points  of  view  I  am 
justified  in  believing  that  the  favorable  character  of  my  experi- 
ments introduces  a  new  instrument  of  pyro  chemic  research ; 
an  instrument  which  in  addition  to  the  special  work  to  which 
it  may  be  applied,  always  subserves  the  purpose  of  a  pyrometer, 
and  which  is  particularly  available  for  the  coordination  of 
values  within  a  field  of  high  temperature  where  absolute  data 
are  either  isolated  or  wanting. 

Laboratory  U.  S.  6.  S.,  Washington,  D.  0. 
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1.  On  the  Boiling-point  and  molecular  formula  of  Stannous 
chloride. — Biltz  and  Victor  Meyer  have  determined  the  boiliDg 
point  of  stannous  chloride,  the  temperatures  being  estimated  by 
the  air  thermometer.  The  first  series  of  experiments  gave  the 
value  604*5°,  the  second  series  607*7°;  the  mean  being  60tii#. 
Since  this  substance  is  easily  procured  and  is  non-volatile,  it  may 
serve  a  useful  purpose  for  vapor  density  determinations,  for  which 
we  now  have  sulphur,  boiling  at  448°  and  phosphorus  sulphide 
boiling  at  518°.  Experiments  on  the  vapor  density  of  stannous 
chloride  show  that  this  constant  lessens  very  slowly  with  rise  of 
temperature.  But  thev  do  not  confirm  the  formula  Sn^CK,  orisrin- 
ally  given  by  V.  and  C.  Meyer.  The  results  obtained  are  con- 
siderably greater  than  the  formula  SnCla  requires,  but  the  authors 
have  not  obtained  a  constant  value  corresponding  to  the  doubled 
formula.  The  details  of  the  method  will  be  jjriven  shortlv. — Ber. 
Y>Y/7.  C/ttm.  (it*.,  xxi,  '22,  Jan.  1888.  g.  f.  a 

2.  On  the  occurrence  <>f  Germanium  in  Euxe/iite. — Kruss  has 
discovered  the  existence  of  germanium  in  the  acid  oxides  obtained 
from  euxenite.  The  mixed  oxides  were  boiled  with  hydrogen 
chloride  to  extract  the  iron,  washed  aud  digested  for  eight  days 
with  ammonium  sulphide  in  a  closed  vessel.  Though  all  sulphides 
soluble  in  ammonium  sulphide  must  have  been  thus  taken  up, 
analysis  showed  no  arsenic,  antimony,  tin,  molybdenum,  tungsten, 
etc.  in  the  solution  ;  and  yet  on  evaporation  and  ignition,  the 
solution  left  a  fixed  white  residue,  soluble  in  ammonium  sulphide. 
The  white  sulphide  obtained  by  Winkler's  method  mixed  with 
sulphur,  was  heated  in  a  current  of  carbon   dioxide  and  left  a 
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stalline  mass  of  dark  red  sulphide  showing  a  metallic  luster. 

a  current  of  hydrogen,  the  sulphide  yielded  pure  germanium 

ring  all  the  properties  of  the  metal  obtained  from  argyrodite. 

e  amount  present  in  euxenite  is  about  one-tenth  of  one  percent. 

Ber.  Berl.  Chem.  Ges.,  xxi,  131,  Jan.,  1888.  o.  f.  b. 

\.   On  the  Double  Acetate  of  calcium  and  copper. — Rtoorff 

•  prepared  and  analyzed  anew  the  large  quadratic  crystals  de- 

ibed  first  by  Brewster.     They  were  prepared  by  dissolving  25 

.ms  copper  acetate  and  66  grams  calcium  acetate  in  350  c.c.  of 

ter,  moderately  heated.     On  cooling  the  crystals  separated. 

on  analysis  they  gave  the  formula  CaCu(CJT30,)  .  (H,0)t; 

I  not  (HjO)8  as  determined  by  Ettling. — Ber.  Berl.  Chem.  Ges.f 

,  279,  Feb.  1888.  o.  f.  a 

•.    Ueber  die  Aeaktionsgeschwindigkeit  zwischen  islandischem 

ppelspat  und  einigen  Sduren. — A  recent  number  of  that  excel- 

t  new  journal,  the  Zeitschrift  filr  physkalische  Chemie  (vol.  ii, 

i3),  contains  an  interesting  article  by  W.  Spring  on  the  rapidity 

,h  which  Iceland  Spar  is  attacked  by  certain  acids,  in  continu- 

>n  of  an  earlier  article  in  which  marble  was  the  substance  in- 

tigated.     The  surfaces  exposed  to  the  acid  were  the  cleavage 

nes,  and   also   planes  cut  parallel   and  perpendicular  to  the 

tical  axis.     At  a  temperature  of  15°  it  was  found  that  the 

faces  parallel  to  the  axis  dissolved  with  sensibly  the  same 

ocity  as  the  cleavage  planes,  but  this  equality  disappeared  as 

temperature  rose  and  at  35°  and  55°  the  reaction  was  1*23, 

8  times  more  rapid.     In  the  case  of  the  surfaces  normal  to  the 

s  at  15°  the  rapidity  of  solution  was  greater  but  did  not  in- 

ase  so  rapidly  with  increase  of  temperature.     In  taking  the 

o  of  the  velocity  of  solution  for  the  vertical  and  transverse 

faces  at  the  different  temperatures  the  number  1*14  is  obtained 

,he  mean,  which,  it  is  interesting  to  note,  is  not  far  from  the 

ition  of  the  two  refractive  indices  to  each  other  (viz:  1*115). 

3tber  words  the  author  establishes  a  relation  between  chemical 

ivity  and  optical  elasticity. 

.   The  Integral  Weight  of  Water  ;  T.  Sterry  Hunt. — In  a 

>er  on  Chemical    Integration    published    in    this  Journal   for 

gust,  1887,  and  reprinted  in  the  Chemical  News ,  Sept.  23d  and 

h,  it  was  said  that  in  comparing  the  densities  of  liquid  and 

d  bodies  with  those  of  known  gaseous  species ,  such  as  water- 

or  and  carbon  dioxyd,  "  or  in  the  last  analysis  with  the  density 

he  hydrogen  unit,    ...    we  get  the  specific  gravity  of  these 

ies,  the  dyad  integer  of  hydrogen  at  0°  and  760mm  (H,  =  2*0) 

ig  unity."     Subsequently,  in  a  paper  on  Integral  Weights  in 

»mistry,  in  the  Z.,  E.  and  D.  Philosophical  Magazine  for 

ober,  1887,  it  was  stated  that  a  litre  of  hydrogen  gas  "at  0° 

760mm  berug  assumed  as  the  unit  of  volume  for  all  species, 

weight  of  a  litre  of  any  other  vapor  or  gas  at  the  standard 

perature  and  pressure  is  its  integral  weight.     In  like  manner, 

integral  weight  of  a  liquid  species  is  the  weight  of  the  same 

ime  at  its  boiling  point  under  a  pressure  of  760mm.    .   .    .  The 

k.  Jour.  Sci.— Third  Series.— Vol.  XXXV,  No.  209.— May,  1888. 
25 
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weights  thus  obtained  for  equal  volumes  of  the  various  liquid  and 
solid  species  are  evidently  the  specific  gravities  of  these  species; 
that  of  hydrogen  at  the  standard  temperature  and  pressure  being 
unity  (Hs=2  0).  They  are  at  the  6ame  time  the  integral  weights 
of  the  species  compared."  Notwithstanding  this  clear  statement 
in  both  papers  that  it  is  hydrogen  at  0°  and  760mBI  which  is  to 
serve  as  the  unit  of  specific  gravity  alike  for  gaseous,  liquid  and 
solid  species,  the  reader  will  find  in  these  papers,  and  also  in  the 
first  edition  of  the  author's  New  Basis  for  Chemistry  (1887),  in 
error  in  the  subsequent  calculation.  The  problem  having  been 
approached  from  the  comparison  of  the  weights  of  equal  volumes 
of  liquid  water  at  0°  and  100°,  and  of  water-vapor  at  100°  and 
760mm,  by  an  inadvertence  (until  now  unperceived)  the  weights 
alike  of  hydrogen  gas  and  of  water-vapor  at  the  latter  tempera- 
ture were  substituted  for  their  weights  at  0°  and  760m,n  ;  thus  lead- 
ing to  a  grave  error  in  the  figure  given  for  the  integral  weight  of 
liquid  water,  and  of  bodies  for  which  it  serves  as  the  unit  of  spe- 
cific gravity,  and  making  it  equal  29244.  In  fact,  however,  tak- 
ing as  the  unit  of  weight  that  of  the  litre  of  hydrogen  gas  at 
standard  temperature  and  pressure  (0°  and  TOO™10)  and  comparing 
it  with  that  of  liquid  water  at  100°  (its  temperature  of  formation 
at  760mm),  when  a  litre  of  it  weighs  958*78  grams,  we  have: 

00896  :  958-78  : :  2  :  x  =  21400-3. 

This  value  is  thus  alike  the  specific  gravity  of  the  liquid  on  the 
hydrogen  basis  and  its  integral  weight,  which,  if  we  take  Ht0= 
17*96,  corresponds  very  closely  to  1 192(HaO)  =21408 ;  ice  being 
probably  1094(II2O),"  calcite,"  5$4(CCaOf)  and  aragonite,  630 
(CCa()s).  While  the  writer  regrets  this  error  in  calculation,  made 
in  direct  contradiction  to  the  principles  laid  down  by  him  in  both 
of  the  papers  cited,  it  will  be  seen  that  its  correction  in  no  way 
affects  their  argument,  which  he  hopes  to  develop  further  at  an 
earlv  da  v. 

Washington.  P.  C.  February  22.  1 SSS. 

6.  Absorption  Sj»**tni. — The  relation  of  absorption  spectra  to 
the  various  physical  constants  of  the  substances  which  afford  the 
spectra  has  not  been  fully  made  out.  Fr.  Stexger's  experiments 
conduct  him  to  the  conclusion  that  the  absorption  of  light  by 
various  substances  depends  primarily  upon  the  size  of  the  physical 
molecule.  Changes  in  the  state  of  aggregation,  or  changes  pro- 
duced by  different  media  in  which  a  substance  is  dissolved  pro- 
duce absorption  spectra  of  different  character  onlv  when  the 
state  of  the  physical  molecule  is  also  altered.  The  author  dis- 
cusses, from  this  point  of  view,  the  law  of  Kundt  connecting  the 
index  of  refraction  and  the  dispersive  power  of  a  medium  in 
which  a  substance  is  dissolved  with  the  displacement  of  absorp- 
tion bands  toward  the  red  end  of  the  spectrum.  Vogel's  re- 
searches upon  the  absorption  of  dves  in  the  solid  state,  obtained 
by  staining  gelatine  films,  and  their  absorption  in  the  liquid 
state  is  also  adduced  as  an  evidence  of  the  truth  of  the  author's 
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hypothesis  that  the  physical  molecule  in  concentrated  solutions  is 
more  complicated  than  in  diluted  solutions. — Ann.  der  Physik 
und  Chemie,  No.  4,  1888,  p.  577.  j.  t. 

7.  Wave-length  of  the  two  red  lines  of  potassium. — A  determi- 
nation by  M.  H.  Deslandres  gives  for  the  stronger  line  766*30, 
for  the  weaker  769*63.  As  a  measure  of  comparison  the  wave- 
length of  D,  was  taken  as  588*89. —  Compte  Jxendus,  March  12, 
1888.  j.  t. 

8.  Explosion  of  gases. — A.  von  (Ettingen  and  A.  von  Gernet 
have  repeated  the  work  of  Bunsen,  Berthelot  and  Vieille, 
and  also  that  of  Mallard  and  Le  Chatelier  upon  this  subject 
making  use  however  of  instantaneous  photography  to  study  the 
phenomena.  A  rotating  mirror  was  employed  with  a  metallic 
pointer  to  which  an  electrical  spark  passed  when  the  mirror  was  in 
the  right  position  to  reflect  an  image  of  the  eudiometer  tube,  in 
which  the  explosion  took  place,  into  a  photographic  camera.  The 
same  spark  served  to  explode  the  gases.  The  most  sensitive 
Beernaert  plate  gave  no  trace  of  an  image.  No  results  could  be 
obtained  by  staining  the  plates  with  cyanine  or  with  azaline. 
Eastman's  negative  film  paper,  however,  gave  a  faint  image.  The 
authors  were  compelled  to  sprinkle  certain  powders  in  the 
eudiometer  tube.  Chloride  of  copper  gave  the  best  results. 
Plates  of  the  phases  of  the  explosions  accompany  the  paper.  The 
experiments  show  that  the  explosion  of  hydrogen  is  not  accom- 
panied by  light.  The  resulting  high  temperature,  however,  pro- 
duces a  disintegration  of  the  glass  of  the  eudiometer  tube  and 
produces  a  certain  illumination.  Three  species  of  wave  motion 
are  observed  :  first,  a  fundamental  wave,  which  is  entitled  Ber- 
bhelot's  wave;  second,  more  or  less  parallel  secondary  waves; 
third,  polygonal  waves  of  smaller  amplitude.  The  photographic 
image  of  the  electric  spark  which  was  received  upon  the  same 
plate  as  that  of  the  explosion,  enabled  the  authors  to  estimate  the 
velocity  of  the  explosion.  The  result  obtained,  2800  meters  per 
second,  is  of  the  same  order  of  magnitude  as  that  obtained  by 
Berthelot.  The  authors  agree,  in  the  main,  with  Berthelot's  con- 
clusions, differing  only  in  reference  to  the  beginning  and  the  end 
5f  the  explosion.  They  explain  the  secondary  waves  on  Bunsen's 
hypothesis  of  the  reflex  action  of  waves  due  to  successive  ex- 
plosions produced  by  the  electrical  spark.  They,  therefore,  term 
these  Bunsen's  waves. — Ann.  der  lfhysik  und  Chemie,  No.  4, 
1888,  pp.  586-609.  J.  T. 

9.  JDust  particles  in  the  Atmosphere.— J ohs  Aitkin  in  an  arti- 
jle  read  to  the  Royal  Society  of  Edinburgh,  gives  a  method 
)f  estimating  the  number  of  these  particles  in  the  air.  The 
nethod  is  based  upon  the  hypothesis  that  in  a  receiver  filled  with 
rctper-saturated  air  when  there  are  few  dust  particles  present  the 
:og  particles  are  large  and  are  seen  to  fall  like  rain  inside  the 
•eceiver.  A  small  glass  receiver  was  connected  with  an  air  pump 
md  with  a  cotton  wool  filter.  Inside  the  receiver  was  placed  a 
imall  stage  with  a  silvered  mirror  ruled  with  fine  lines  which 
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•erved  to  enumerate  the  line  drop?.  The  latter,  under  a  micro- 
scope, appear  brilliant,  upon  a  dark  suface.  The  following  ire 
some  of  tne  results  obtained  by  this  method  : 

Source  of  tbe  air.  Number  per  c  e. 

Outside  air,  raining 32,000 

Outside  air,  fair 130,000 

Room 1,860,000 

Room,  near  ceiling 5,420,000 

Bunsen  Flame 30,000,000 

— Nature,  March  1,  1888,  p.  428.  J.  t. 

10.  Magnesium  and  Zinc. — Hirn  has  investigated  the  electro- 
positive character  of  magnesium  with  the  view  of  replacing  zinc 
in  certain  batteries.  In  the  Daniell  cell  its  E.  M.  F.  is  2  volts ; 
in  a  Grove  2*9  volts ;  in  a  Leclanch6,  2*2  volts,  and  in  a  bichro- 
mate-cell, it  gives  as  much  as  3  volt*.  The  local  action,  however, 
is  considerable  and  its  constancy  uncertain. — Nature,  March  22, 
1888,  p.  497.  J.  t. 

11.  Gravity. — In  a  discussion  upon  gravitation  at  a  meeting  of 
the  Physical  Society  of  Berlin,  Helmholtz  explained  his  concep- 
tion of  the  action  of  gravitation.  He  considers  gravitation  as 
being  the  law  of  nature,  established  by  experience,  that  every 
body,  when,  in  the  neighborhood  of  another  body  is  subject  to 
an  acceleration  which  is  proportional  to  its  mass  and  diminishes 
in  the  ratio  of  the  inverse  square  of  the  distance  between  them. 
Such  a  law  of  nature  as  this,  established  as  it  is  on  the  basis  of 
experience,  is  on  the  whole  not  unsatisfactory. — Nature,  March 8, 
1888,  p.  455.  j.  T. 

II.    Geology  and  Mineralogy. 

1.    Geology:    Chtmical^    Physical    and    Strat i graphical ;  by 
Joskph  Pkkmwiou.      In  two  vols.     Vol.  II,  pp.  606.     8vo,  Strati- 
ijraphisal  and   Physical.     Oxford,    1S88.     (Clarendou    Press.)— 
The  tirst  volume  of  Prof.  Prestwich's  valuable  work  was  issued 
in  1886.     This  second  volume  commences  with  the  oldest  forma- 
tions, and  closes  with  the  Quaternary.     Its  first   chapter  gives  a 
vorv  convenient   table  of  the  geological  series  of  England  with 
their  equivalents  in  the  different  countries  of  Europe,  and  follows 
this  with  a  corresponding  table   of  the  rocks   of   India,  with  an 
enumeration  of  their  prominent   irencra  of  fossils;  and  the  same 
tor  North   America,  Australia,   New  Zealand  and  South  Africa. 
The  author  makes  the  Cambrian  end  with  the  Tremadoc  slates, 
and  di\  ides  the  Silurian   (or  the  remainder  ol  it)   into  Upper  ar.-l 
Lower.     Tin-  \o!ume  is  full  in  its  accounts  of  the  several  forma- 
tions and  their  distribution  in  Great  Britain  and  other  countries, 
and  in  illustrating  figures;  and  its  plates  of  fossils  are  particu- 
larly tine.     A    handsome   folded   plate  represents   "  the   probable 
extent  of  land  covered  by  ice  and  suow  during  the  Glacial  period, 
their  extent  now  and  the  present   boundaries  of  floating  ice,**  and 
its  importance  is  doubled  by  being  also  a  good  bathymetric  map 
of  the  oceans  from  recent  data.     Au  excellent  colored  geological 
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map  of  Europe  and  Great  Britain,  folded  and  on  cloth,  makes  a 
frontispiece  to  the  volume  and  gives  great  value  to  the  work. 
The  map  is  by  Wm.  Topley,  F.G.S.,  and  J.  G.  Goodchild, 
F.G.S.  It  is  the  only  map  of  the  kind  in  any  treatise  on  geology 
in  the  English  language. 

2.  On  the  level-of  no-strain  and  mountain  making. — The  me- 
moir by  Mr.  Davison  and  Prof.  Darwin  on  the  contraction-theory 
>f  mountain-making  was  noticed  in  the  last  number  of  this 
Journal.  The  same  subject  has  been  further  discussed  by  the  Rev. 
0.  Fisher  and  Mr.  T.  Mellard  Reade  (Phil.  Mag.  for  January  and 
March.)  All  of  these  authors  agree  in  the  existence  of  the  level- 
rf-no-strain  in  the  earth,  first  announced  by  Mr.  Reade,  and  their 
estimates  of  its  depth  do  not  vary  very  widely,  all  agreeing  that 
it  must  be  within  a  few  miles  (2  to  5)  of  the  surface.  As  regards 
ihe  amount  of  crumpling  of  strata  on  this  basis  Mr.  Darwin  (as 
noted  before)  makes  it  small  and  yet  not  entirely  insignificant 
(228,000  sq.  miles  in  10  million  years).  Mr.  Fisher's  conclusions 
upon  the  supposition  of  a  temperature  of  solidification  of  re- 
spectively 7000°  and  4000°  are  contained  in  the  following  table : 

Temperature  of  sol  Idl  float  loo.  7000°  4000° 

Depth  of  level  of  greatest  cooling 54  miles  31  miles 

Depth  of  level  of  no  strain 2  miles  0*7  miles 

Temperature  of  level  of  no  strain 358°  F.  124°  F. 

Mean  height  of  elevations 19  feet  2  feet 

Total  contraction  of  radius 6  miles  2  miles 

Mr.  Reade  discusses  some  of  the  geological  consequences  of  the 
level-of-no-strain  and  concludes  that  it  is  "  plain  to  demonstration 
that  the  lateral  pressure  that  forced  up  the  mountains  could  not 
reside  in  a  shell  of  compression  only  5  miles  thick  having  a  zero 
strain  in  the  under  side." 

3.  Geology  of  Rhode  Island;  Franklin  Society  Report. 
130pp.,  8vo.,  1887.  Providence,  R.I. — This  report  is  largely 
bibliographic,  but  is  very  full  in  notes  that  review  well  what  is 
known  on  the  geology  of  the  State  and  show  who  have  been  the 
observers.  They  also  make  it  apparent  that  no  thorough  study 
of  the  geology  of  the  State  has  been  undertaken.  The  State  con- 
tains the  coal  formation  among  metamorphic  rocks,  and  this 
alone  makes  it  one  of  the  three  or  four  best  centres  to  start  from 
for  the  study  of  New  England  geology. 

4.  Annual   Report  for   1886   of   the    Geological    Survey  of 
Pennsylvania.     8vo. — This  part  of  the  Report  of  1886  contains 
Part  II,  on  the  Oil  and  Gas  Region,  by  J.  F.  Oarll ;  &  chapter  on 
the  Chemical  composition  of  Natural  Gas,  by  F.  C.  Phillips,  and 
a  Bibliography  of  Petroleum. 

5.  Annuaire  Geologique  universel,  Revue  de  Geologie  et 
Paleontologie  ;  dirig6e  par  Dr.  L.  Carez  and  H.  Douvilld,  avec 
le  concours  de  nombreux  Geologues  Fran£ai8  et  Strangers;  pub- 
lic par  Le.  Dr.  Dagiucourt.  Tome  III.  Paris,  1887. — The  former 
volumes  of  this  Annual  contained,  besides  lists  and  abstracts  of 
geological  papers  of  the  year,  a  catalogue  of  geologists  of  differ- 
ent countries,  with  their  places  of  residence.     The  present  is  con- 
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fined  wholly  to  the  former  purpose,  and  in  it  777  pages  are 
devoted  to  the  Geology  and  235  to  the  Paleontology  of  1886. 
It  is  a  work  that  geologists,  whatever  their  special  department, 
will  find  very  useful  if  not  indispensable. 

6.  The  Geological  Record  for  1879.  An  account  of  works 
on  Geology,  Mineralogy,  and  Palaeontology  published  during  the 
year  with  supplements  for  1874-78.  Edited  by  W.  Whitaksb 
and  W.  H.  Dalton.  418  pp.  8vo,  London,  1887,  (Taylor  and 
Francis.) — This  comprehensive  volume,  like  its  predecessors  in 
scope,  will  be  thoroughly  welcome  although  it  is  somewhat  late 
in  appearing.  For  the  future  it  is  announced  that  the  editorship 
has  passed  into  the  hands  of  Mr.  Topley  and  the  work  is  to  be 
bronght  up  to  date  by  publishing  the  titles  only  of  papers  from 
1880-87.  The  portion  from  1880-1884  is  finished  and  in  great  j*rt 
printed,  making  two  volumes.  That  for  1885-87  is  in  hand 
though  not  yet  in  type.  Subscribers  will  be  quite  ready  to  re- 
spond to  the  suggestion  of  the  editor-in-chief,  that  the  delay 
should  be  pardoned  in  view  of  the  fact  that  the  board  of  workers 
labor  without  pecuniary  return. 

7.  A  Manual  of  the' Geology  of  India.  Part  IV:  Mineralogy 
(mainly  non-economic),  by  F.  R.  Mallet.  179  pp.  8vo,  with  4 
plates.  Calcutta  and  London,  (TrQbner  <fc  Co.)  1887.— The 
economic  side  of  the  mineralogy  of  India  has  already  been  dis- 
cussed in  Part  III  of  this  work  by  Mr.  V.  Ball  The  scientific 
treatment  of  the  same  subject  has  now  been  taken  up  by  Mr. 
F.  R.  Mallet,  and  this  important  contribution  to  mineralo^ical 
literature  is  the  result.  It  is  a  subject  about  which  our  knowledge 
has  been  in  the  past  vague  and  scanty,  and  although  much  re- 
mains to  be  done  in  the  way  of  investigating  the  mineral  treasures 
of  India,  this  complete  and  accurate  presentation  of  what  is  now 
known  about  them  is  of  great  value. 

s.  Britf  n  of  us  on  ncenthj  described  minerals. — Arsenioplkitb. 
— Occurs  in  reddish  brown  cleavable  masses  forming  small  veins 
or  nodules  with  rhodonite  and  hausmannite  in  a  crystalline  lime- 
stone from  the  Sjo  mine,  Grvhvttan.  Sweden.  It  is  shown 
optically  (Bert rand)  to  be  uniaxial  and  negative,  probably  rhom- 
bohedral.     Analvsis  crave: 

A*-o»     >KO>      MnO      FeaO,      PbO      CaO       MgO      H,0        CI 

44i>$  :r.  2S-J5       .V6S       448        S  11        310       567        tr.  =  9827 

Thi*  is  corrected  to  give  Mn,Ot  780,  MnO,  21-25,  H,0  4*54,  final 
sum  07*04.  It  is  closely  related  to  the  large  group  of  manganese 
arseniates  from  Sweden".— Z.  J.  Ijehtrom  in  Bull.  Soc.  Min.f  vol 
xi%  SS\  1888. 

Bakkkvikitk,  Calciothorite,  Melaxockrite,  NordenskiGld- 


new  species  and  given  new  facts  about  many  others,  as  l&venite, 
gibbsite,  homilite,  natrolite,  leucophanite,  meliphanite,  etc. 
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Barkevikite  is  a  hornblende  mineral  near  arfvedsonite,  but  dis- 
tinct from  that  in  optical  characters.  Calciothorite  is  a  hydrous 
mineral  consisting  of  thorium  and  calcium  silicate  and  probably 
(like  thorite,  orangite,  eucrasite,  frejalite)  an  alteration  product 
of  an  original  thorium  silicate  near  zircon-in  form  and  composi- 
tion (ThSi04). 

Melanocerite  is  a  complex  silicate  of  the  cerium  metals,  yttrium 
and  calcium,  with  other  substances  in  small  amount  including 
3a19  p.  c.  B,Oa;  it  is  found  in  tabular  rhombohedral  crystals  of  a 
dark  brown  color.  Nordenskioldine  is  a  mineral  having  the  re- 
markable composition  CaO .  SnOs .  BsOt.  It  occurs  in  tabular 
crystals  belonging  to  the  rhombohedral  system.  Color  sulphur 
yellow.  Hardness  =  5*5-6;  sp.  gravity  =  4*20.  Rosenbuschite 
is  a  silicate  of  calcium  and  sodium  with  zirconium,  titanium  and 
also  lanthanum  in  small  amount.  It  occurs  in  orange-gray  mono- 
clinic  crystals  near  wollastonite  and  pectolite  in  angle,  and  is 
characterized  as  a  zirconiura-pectolite.  Hardness  =  5-6;  sp. 
gravity,  3-30.  —  W.  C.  Brdgger  in  Geol.  Fbr.  Fork.,  vol.  ix, 
247,  1887. 

Barysil. — A  new  lead  silicate  from  the  Harstig  mine,  Pajs- 
berg,  Sweden.  It  occurs  in  iron  ore  with  calcite,  yellow' garnet, 
tephroite  and  galena.  Crystallization  hexagonal  with  basal  cleav- 
age. Color  white.  Hardness  =  3;  sp.  gravity,  6*11-6*55.  Anal- 
ysis gave : 

SiO,         PbO        MnO       FeO        CaO        MgO        ign. 

16-98         77*84         349         016         041         058         0-66  =  10012 

This  corresponds  to  3PbO .  2SiOs. — A.  Sjogren  and  Ltindstrom 
in  (Efv.   Vet.-Akad.  Fdrh.,  xlv,  7,  1888. 

Bkxoxesite  (Belonesia),  Cryphiolite  (Crifiolite). — Two  species 
described  by  A.  Scacchi  in  a  memoir  upon  a  fragment  of  an  old 
volcanic  rock  enveloped  in  the  Vesuvian  lava  of  1872.  Belone- 
lite  occurs  in  minute  acicular  crystals  referred  to  the  tetragonal 
system  ;  they  are  white  and  transparent.  Qualitative  tests  lead 
to  the  conclusion  that  in  composition  it  is  a  molybdate  of  magne- 
sium, MgO .  MoOs. 

Cryphiolite  occurs  in  small  tabular  monoclinic  crystals  covered 
rod  concealed  (as  the  name  suggests)  by  apatite.  The  color  is 
iioney-yellow ;  sp.  gravity  =  2*674.     An  analysis  gave  : 

P,0»  48-91  MgO  33-58  CaO  1460  Loss  291  =  100 

Hie  presence  of  fluorine  is  suggested  and  the  possible  amount 
estimated  as  6*93  p.  c,  which  brings  the  mineral  near  wagnerite 
n  composition. — Mem.  Accad.  Napoli,  II,  i,  No.  5. 

Bkmenttte. — Occurs  in  stellate  aggregations  with  foliated 
ttnu-ture,  resembling  pyrophyllite.  Friable.  Sp.  gravity,  2*981. 
Dolor  pale  grayish  yellow.     An  analysis  yielded  : 

SiO,  MnO  FeO  ZnO  MgO  H,0 

39  00  4212  [375]  2*86  383  844  =  100 

fhis  corresponds  approximately  to  2(H„Mn)0  .SiO,;  the  water 
roes  off  above  200°.     Occurs  embedded  in  calcite  at  Franklin 
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Furnace,  N.  J.  Named  after  Mr.  C.  S.  Bement,  of  Philadelphia. 
—  G.  A.  KOnig  in  Proc.  Acad.  Nat.  Set.,  Philad.,  1887,  311. 

Dihydro-thenardite. — A  sodium  sulphate  containing  two 
molecules  of  water.  It  forms  a  thin  bed  on  the  shores  of  Lake 
Gori,  Tiflis,  Russia,  and  crystallizes  in  the  monoclinic  system  — 
Markownikoio  in  Bet.  Chem.  Ges.,  1887,  546  (J.  Russ.  phys.  ch., 
Ges.). 

Fiedlebitk,  Laurionite. — Two  related  minerals  found  in  the 
old  lead  slags  of  Laurion,  Greece,  and  produced  by  the  action  of 
the  sea- water  upon  them  during  the  past  2,000  years.  Laurionite 
occurs  in  white  prismatic  crystals  (orthorhorabic)  uot  far  from 
mendipite  in  angle.  Hardness,  =3*5.  Composition.  Pb(OH)f. 
PbCla ;  an  analysis  by  Bodewig  yielding  : 

Pb  79-38  0  311  CI  13-77  H,0  3-68  =  100 

Fiedlerite  is  related  in  composition,  but  no  analysis  has  been 
given.  It  occurs  in  minute  tabular  monoclinic  crystals,  in  part 
twin 8. —  G.  vom  Hath  in  Sitzungsber.  Nied.  Ges.  Ifonn,  June  6, 
1887;    KVchlin  in  Ann.  Mus.  Wien,  vol.  2,  185,  1887. 

Laubanite. — A  zeolite  resembling  stilbite  from  the  basalt  near 
Lauban,  Silesia.  Occurs  in  fine  fibrous  radiated  aggregates, 
sometimes  spherical,  of  a  snow-white  color.  Hardness,  4*5-5 ;  sp. 
gravity  =  2*23.     Analysis  gave  : 

SiOa47  8^  A1,0,  1674,  FeO  0  66,  CaO  16*17,  MgO  1*35,  H,0  17*08=9976 
This  corresponds  to  2CaSiO  +  Al^SiOJ.  +  GH.O,  which  is  not  far 
from  laumontite. — IT.  Traube  in  Jahrb.  Min.,  1887,  vol.  ii,  64. 

JMartinite. — Occurs  as  a  pseudomorph    having    the    form  of 
gypsum  in  the  guano  on  the  island  Curacoa.    In  white  or  yellow- 
ish   aggregates   of  colorless    microscopic    rhombohedrous.      Sp. 
gravity,  2*894.     Analysis  gave  : 
P,0A  47-67         CaO  46*78         H,0  452         Organic  075  Inaol.  02 0=99 92 

The  formula  suggested  is  2Ca,(P04)a  +  4CaHP04  +  H,0.— J.  H. 
Jiloos,  Jahrb.  Alin.y  1888,  vol.  i,  41  ref. 

Mktalonchidite. — A  mineral  from  the  St.  Bernhard  mine  near 
Ilausach  in  Baden.  It  is  essentially  a  variety  of  marcasite,  agree- 
ing with  it  in  form  and  characterized  by  the  presence  of  2*7  |>.  c. 
of  arsenic  with  some  nickel  and  lead,  thus  approximating  closely 
to  Breithaupt's  lonchidite. — Sandberger  in  (Est.  Zeitschr.  Berg- 
Hntt.,  xxxv,  1887. 

9.  Note  on  Xanthitane ;  by  L.  G.  Eakixs  (communicated.)— 
Through  the  kindness  of  Mr.  Wm.  Earl  Hidden,  Prof.  Clarke  has 
lately  received  some  fine  specimens  of  Xanthitane,  first  described 
by  l\  U.  Shepard,  this  Journal,  1856,  vol.  xxii,  p.  96,  which  were 
turned  over  to  me  for  examination.  The  material  is  from  Green 
river,  Henderson  Co.,  N.  C,  and  is  undoubtedly  an  alteration 
product  of  spliene — following  the  form  very  closely.  It  is  light 
yellow,  friable  and  mixed  with  impurities  which  cannot  be  re- 
moved, preventing  the  determination  of  whether  or  not  it  is  a 
definite  mineral,  but  it  is  interesting  from  the  fact  that  it  appar- 
ently represents  a  clay  with  the  silica  replaced  by  tiu.nic  oxide. 
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Specific  gravity  2*941  at  24°.  The  air  dried  material  loses  6*02  per 
cent  of  water  at  100°.  The  following  analysis  is  on  material 
dried  at  100°. 

SiO,      TiO,      A1,0,      Fe,0,      CaO      MgO      P,06      H,0 
1-76      61-54       17-59         4*46       0  90         tr.         417       992=100'34 
Laboratory,  U.  S.  Geol.  Survey,  Washington,  D.  C. 

III.    Botany  and  Zoology. 

1.  Recent  contributions  to  our  knowledge  of  the  vegetable  cell, 
(Second  paper,  continued  from  page  344.) — Loew  and  Bokorky 
distinguish  between  active  and  passive  albumin  in  vegetable  cells. 
The  former  is  characterized  by  its  great  chemical  instability,  and 
especially  by  its  property  of  reducing  silver  solutions  even  when 
they  are  very  dilute :  the  latter,  on  the  other  hand,  is  relatively 
stable  and  is  not  readily  changed  or  oxidized.  These  distinctions 
have  been  pointed  out  by  the  authors  in  various  communications, 
more  recently  in  a  treatise  on  certain  velations  of  protoplasm. 
According  to  them,  active  albumin,  in  combination  with  water, 
forms  all  living  protoplasts,  and,  at  the  death  of  the  cell,  passes 
over  into  "  common  "  or  passive  albumiu.  The  authors  (Bot.  Zeit., 
Dec.  30,  1887)  announce  that  they  have  detected  active  albumin 
also  in  cell-sap  in  many  species  of  Spirogyra.  From  its  solution 
in  cell-sap  it  is  precipitated  whenever  a  dilute  solution  of  ammo- 
Die  carbonate  is  allowed  to  act  on  the  cells.  A  granular  precipi- 
tate appears  not  only  in  the  plasma-membrane  where  the  granules 
are  confined  within  or  are  attached  to  the  membrane,  but  in  the 
cell-sap  as  well,  the  latter  granules  settling,  after  a  time,  to  the 
lower  part  of  the  cell.  7'hese  granules  do  not  occur  in  either  the 
membrane  or  the  cell-sap  if  the  cell  has  been  previously  killed  by 
pressure,  cutting  t  or  by  chemical  means. 

It  is  interesting  to  compare  these  statements  with  those  made 
by  Charles  Darwin  and  others.  The  views  of  Mr.  Darwin  are 
well  known  by  readers  of  his  Insectivorous  Plants  (see  page  39), 
and  need  not  be  further  alluded  to  here.  Pfeffer  explains  the 
appearance  of  aggregation  in  a  different  way :  he  regards  the  pre- 
cipitate as  consisting  of  tannate  of  albumin,  which  forms  on 
account  of  the  neutralization  of  the  cell-sap  by  means  of  the  am- 
nionic carbonate.  Pieffer  calls  attention  to  the  fact  that  the  pre- 
cipitate re-dissolves  when  an  organic  acid,  for  instance,  citric,  is 
added,  and  falls  again  when  the  sap  becomes  again  alkaline.  He 
has  shown  that  the  precipitation  is  effected  by  the  addition  of  a 
tenth  per  cent  solution  of  ammonic  carbonate,  and  that  re-solution 
occurs  when  a  two-hundredth  of  one  per  cent  solution  of  citric 
acid  is  employed.  Loew  and  Bokorky  state,  however,  that  the 
cell-sap  of  Spirogyra  is  not  acid  in  reaction,  and  that  it  contains 
no  free  acid.  Therefore,  according  to  them,  Pfeffer's  explanation 
of  the  phenomena  is  not  satisfactory.  The  so-called  "  aggrega- 
tion "  is,  as  Francis  Darwin  and  others  have  pointed  out,  a  com- 
mon occurrence  in  many  cells.  It  appears  to  demand  further 
investigation. 
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It  is  a  familiar  fact  that  the  crystalline  forms  of  calcium  on- 
late  which  occur  in  plants  are  referable  to  two  crystalline  types: 
(1)  tetragonal  or  quadratic,  when  they  have  six  equivalents  of 
water;  (2)  raonoclinic  or  clinorhombic,  when  they  have  two 
equivalents  of  water.  Souchay  and  Lenssen  attributed  the  differ- 
ence to  difference  in  the  rate  of  crystallization,  the  first  type 
resulting  from  rapid  precipitation,  the  latter  from  a  slower  reac- 
tion. That  the  two  types  can  occur  in  the  same  liquid  is  proved 
by  a  Himple  experiment  suggested  by  Kny :  on  a  glass  slide  is 
placed  a  drop  of  gelatin  with  a  crystal  of  oxalic  acid  on  one  edge, 
at  the  opposite  edge  of  the  drop  is  placed  a  fragment  of  calcium 
chlorid.  The  two  dubstauces  soon  begin  to  form  at  their  point  or 
line  of  contact  a  white  precipitate,  first  of  octahedra,  and  later  of 
a  few  monoclinic  crystals  intermingled  with  them.  Haushofer 
has  stated  that  the  character  of  the  mother  liquor  exerts  a  con- 
trolling influence  on  the  shape  of  the  crystals  and  their  content  of 
water;  according  to  him  the  tetragonal  crystals  are  formed  from 
dilute  neutral  or  alkaline  calcium  solutions  at  the  ordinary  tem- 
perature of  the  room.  The  other  type  is  produced  when  there  is 
a  slight  excess  of  oxalic  acid  or  when  the  temperature  is  much 
higher.  At  this  point  Kny  has  undertaken  a  re-investigation  of 
the  subject  (Ber.  Deutsch.  Bot.  Gesellschaft,  8,  1887).  He  con- 
cludes that  the  relative  concentration  of  the  solutions  in  question 
has  a  great,  even  if  not  controlling,  influence  in  determining  the 
form  of  the  crystals.  In  the  course  of  his  experiments  he  made 
some  interesting  observations  regarding  the  inclusion  of  coloring 
matters  in  the  crystalline  structure.  Certain  aniline  aud  other 
coal-tar  dves  tinned  some  of  the  crvstals  while  other  dyes  were 
without  any  effect.  Thus  in  the  dialvzer,  crystals  of  the  niono- 
elinic  tvpe  were  tinged  bv  eosin  while  the  octahedra  remained 
colorless;  on  the  other  hand,  bv  aniline-blue  both  were  distinctly 
colored.  Hut  in  both  eases  the  larger  crvstals  remained  without 
color.     Kuehsin  lailed  to  color  anv  of  the  crvstals.  g.  l.g. 

*J.  (ianhn  <tm?  Fonsf.  A  weekly  Journal  of  Horticulture  ana 
Arboriculture,  conducted  bv  Professor  C.S.  Sargent,  of  Harvard 
Tnixersity.  It  is  pleasant  to  note  that  this  periodical  fully  meets 
the  expectations  which  were  formed  when  the  announcement  of 
its  publication  was  first  made.  Aside  from  matters  of  general 
and  public  interest,  like  the  subjects  of  forest  preservation,  the 
care  of  plants,  and  the  like,  each  number  thus  far  has  been  en- 
riched by  a  description  of  some  plant  of  botanical  (and  often  hor- 
ticultural) interest,  bv  I>r.  Sereno  Watson.  These  articles  bv 
Or.  Watson  have  K<.n  illustrated  bv  Mr.  Faxon's  excellent  draw- 
ing>.  The  journal  promise*  to  be  a  substantial  addition  to  the 
Hm  of  M*ieniitie  periodicals,  while,  at  the  same  time,  it  preserves 
to  a  large  degree  elements  of  general  popularity.  G.  L.  u. 

iv   Hun  lortiKvv    Zoologuw. — The  tirst   number*    of   this  ira- 

*  l».M:otViV.»  .av'.^c^m— Ore" va'-Abhaiiil'i unjK- a  aus  dem  Gesammtgebiete  der 
.\v'omo.  \\k T.r.isevcv1  i-r.  vor.  I^r.  i»ud.  Lvuokart  in  Leipzig  und  Dr.  Carl  Chun  io 
Kou*.<>bori:.  Hot:  *..  r-.c  IVlacisohe  Thierweif  in  grvsseren  Meerestiefen  i;c<i 
d\iv  IVnoV.iu^n  :\\  dor  Olx  rriuohen  fauna.  GescLiidert  you  Prof.  Dr.  Carl  Chua 
m  Kom^lvrK      Mit  :*  Tafe.a 
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t  zoological  periodical  is  published.  It  is  edited  by  Pro- 
\  Leuckart  and  Chun  and  they  propose  to  devote  this  new 
.0  more  elaborate  monographs  than  can  from  their  size  or 
mber  of  their  illustrations  easily  find  a  place  in  zoological 
icals.  The  Bibliotheca  Zoologica  will  hold  in  zoology  very 
the  same  place  which  Palseontographica  and  similar  pubh- 
s  hold  in  palaeontology.  The  first  number  contains  a  most 
ting  monograph  on  the  existence  of  a  pelagic  fauna  at 
depth  and  its  relation  to  the  surface  pelagic  fauna.  Dr. 
was  engaged  upon  a  monograph  of  so-called  deep-sea 
tophoro  collected  by  Chierchia  during  the  voyage  of  the 
or  Pisani."  Though  collected  on  the  sounding  line  they 
labelled  with  the  utmost  precision  as  living  below  1000 
■.  Chun  who  was  also  preparing  a  monograph  of  the 
?rranean  Siphonophores  came  to  the  conclusion  that  the 
ion  of  Chierchia  supported  the  views  of  Studer  that  peculiar 
lophores  formed  an  important  part  of  a  pelagic  deep-sea 
Under  the  auspices  of  the  Zoological  Station  at  Naples 
rried  on  most  successful  deep-sea  tow  net  experiments 
August  to  October,  1866.  Unfortunately  this  expedition, 
iting  as  its  results  are,  does  little  toward  settling  the  sub- 
in  der  discussion  because  neither  the  distance  from  shore 
e  depths  investigated  were  great  enough  to  eliminate  the 
ring  effects  of  close  proximity  to  land ;  as  it  was  near  the 
ental  slope,  on  the  very  edge  of  which  Dr.  Chun  trawled 
the  tow  net.  The  results  are  further  vitiated  from  the 
lat  they  have  been  carried  on  in  a  closed  sea  where  the 
ions  of  temperature  are  strikingly  different  from  those 
Atlantic,  and  where  at  a  depth  of  about  500  fathoms  we  find 
y  the  lowest  temperatures  of  the  deepest  part  of  the  Medi- 
ean.  The  minimum  seasonal  differences  of  temperature 
in  that  and  the  surface  cannot  be  contrasted  to  oceanic 
ions. 

Chun  made  use  for  his  investigations  of  an  ingenious  self- 
*  tow  net  invented  by  Captain  Palumbo  of  the  "  Vettor 
."  It  may  be  closed  at  any  given  point  by  means  of  a  pro- 
working  in  a  rectangular  frame  attached  to  the  tow  net  on 
ime  principle  as  the  propellor  for  upsetting  the  Negretti 
•a  deep-sea  thermometer  and  the  Sigsbee  water  bottle, 
ttle  steamer  "  Johannes  Mtlller  "  of  the  Naples  Zoological 
n  made  an  excursion  to  the  Ponza  Islands  as  well  as  expe- 
j  to  the  Gulf  of  Salerno,  to  Ischia  and  Ventotene. 
contents  of  the  deep-sea  tow  nets  used  by  the  Challenger 
not  be  assigned  to  any  definite  depth  as  the  nets  were  not 
either  on  the  descent  or  the  ascent.  Neither  can  the 
d  adopted  on  the  "Blake"  of  collecting  at  intermediate 
\  by  means  of  the  Sigsbee  collecting  cylinder  be  considered 
re.  It  had  not  been  tried  long  enough  or  frequently  enough 
it  depths  (it  was  not  carried  beyond  150  fathoms)  to  decide 
>pth  to  which  the  surface  pelagic  fauna  might  sink  or  to 
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prove  the  existence  of  an  intermediate  deep-sea  fauna  in  the  depths 
between  the  surface  fauna  and  the  deep-sea  fauna. 

From  the  depth  of  1300  meters  Dr.  Chun  brought  una  large 
pelagic  fauna.     Small  Craspedote  Med  usee,  Ctenophores,  Dyphia, 
Tomopteridce,   Sagittas   Alciopidae    and    numberless    Copepodp, 
Stylocheirrc,  larva;  of  Decapods,  Appendiculariae,  Pteropods  and 
small  transparent  Cephalopods.     Dr.  Chun  assumes  that  where  be 
found  this  mass  of  Invertebrates  there  were  no  currents  and  that 
so  rich  a  booty  brought  up  by  a  bap-hazard  cast  of  the  net  indi- 
cates a  wonderful  richness  of  the  deep-sea  pelagic  fauna,  espe- 
cially when  we  remember  that  surface  pelagic  fishing  is  only  suc- 
cessful in  the  wake  of  tide  currents,  calm  streaks  and  the  like. 
But  there  is  nothing  to  show  that  so  close  in  shore  there  is  nott 
more  or  less  active  interchange  of  the  fauna  from  the  shore  slopes 
to  that  of  the  greater  depths.     Should  the  observations  of  br. 
Chun  be  repeated  offshore  in  the  deep  water  of  oceanic  basins 
and  the  existence  of  this  deep-sea  pelagic  fauna  proved  beyond 
a  doubt,  it  will  help  to  explain  the  manner  in  which  the  deep- 
sea  fauna   obtains  its  food;  nor  will  it  be  necessary  to  suppose, 
as   he   seems   inclined   to   do,   that   these   dee|>-sea   animals  are 
wholly   dependent  on  the   broth  concocted   at  the  surface  and 
passing   down   in  a  ceaseless   rain    upon    the    bottom.      Surely 
no  one  who  has  trawled  and  dredged  in  the  deep  sea  can  have 
failed   to   note   the    large    number   of    free-swimming    animals 
such   as  Crustacea,  Cephalopods,  Annelids  and   fishes  of  which 
only  an  occasional  specimen  could  be  caught  by  the  slow  moving 
dredge  or  trawl,  while  a  faster  trawl  brought  up  the  more  nimble 
deep-sea  types.     It  seems  to  us  that  the  results  of  Chun  merely 
prove  that  in  a  close  sea,  near  shore,  even  at  considerable  depth 
there  is  a  great  mixture  of  true  deep-sea  types  and  surface  pelagic 
animals  which  sink  at  certain  times  far  beyond  the  limits  usually 
assigned  to  them.     Certainly  no  one  who  has  engaged  in  deep-«ea 
work  has  ever  supposed  that  there  were  not  at  the  bottom  or  near 
the  bottom  free-swim  mi  nix  animals  which  occasionally  found  their 
way  to  the   surface  while  many  of  the  so-called  surface  pelagic 
types  have  been  proved   by  deep-sea  expeditions  to  be  the  young 
of  abyNsal  species.     Chun  has  however  clearly  proved  that  many 
embrvonic   stages  oi  surface  pelagic   animals  are  only  found  at 
considerable  depths.     Deep-sea   tishiug   with   a   properly   closing 
net  promises  to  be  a  material  help  to  embrvological  investigations. 
Chun  looks  upon  the  slight  changes  of  temperature  as  the  impor- 
tant lactors  in  determining  the   periodic  rising  and  sinking  of  the 
Mirfaee  pelagic  fauna.     He  thinks  the  great   increase  of  tempera- 
tun'  at  the  Mirfaee  compels  surface  pelagic  animals  to  seek  cooler 
depths.      While  this  is  undoubtedly  true  for  some  groups  it  does 
not  hold  good  for  the  larger  number  and  we  are  more  inclined  to 
consider  the  condition  o\'  the  surface,  whether  calm  or  ruffled  hy 
\\a\c>  and  winds,  :is  a  more  powerful  influence.     Thus  while  there 
i>   al\va\>    a   riclu-r   pelagic    fauna   to    be   collected    at    night  it 
i>  onlv  on  calm  nights  that  a  good  harvest  will  be  obtained.     Yet 
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ny  experience  of  surface  collecting  I  have  never  met  with 
rodigious  masses  of  surface  pelagic  animals  as  on  the  hot- 
tys  of  our  dredging  expeditions.  When  the  sea  happened 
imooth  as  glass  under  a  blazing  tropical  sun  it  seemed  as 
water  was  nearly  solid  as  far  as  the  eye  could  reach  with 
388  surface  animals  of  all  sorts.  It  is  true  that  such  re- 
ble  collections  were  only  seen  in  the  track  of  the  Gulf 
1  when  at  a  distance  from  shore,  or  when  we  were  in  the 
•f  currents  due  to  the  influence  of  neighboring  islands  or  conti- 

have  a  considerable  number  of  deep-sea  sedentary  types 
have  an  extraordinary  bathymetrical  range.  There  is  no 
therefore  why  pelagic  animals  which  are  more  or  less  help- 
d  drift  at  the  mercy  of  the  waves  and  winds  and  currents, 
not  be  able  to  flourish  under  similar  extremes  of  pressure 
raperature.  The  more  so  as  the  majority  belong  to  groups 
ertebrates,  on  which  the  effects  of  pressure  Mould  be  far 
erceptible.  The  tow-net  trawling  of  Murray  in  some  of 
eper  lochs  of  the  western  part  of  Scotland  indicates  that 
age  of  this  deep-sea  pelagic  fauna  does  not  extend  far  from 
ttom,  although  specimens  of  nearly  all  the  species  occasion- 
id  their  way  to  the  surface.  There  is  nothing  to  show  that 
ore  active  deep-sea  Crustacea,  Fishes,  Cephalopods,  Ptero- 
Annelide,  Aoalephs,  Polyps,  Rhizopods  have  not  a  con- 
l>le  range  and  may  pass  rapidly  either  vertically  or  near 
ttom  through  layers  of  water  of  very  considerable  differ- 
of  temperature  and  pressure.  That  this  movement  takes 
through  all  intermediate  layers  of  water  near  the  shores 
moderate  depths  seems  conclusively  proved  by  Chun's 
gations.  That*  it  takes  place  far  from  the  continental 
in  the  oceanic  areas  is  altogether  another  question.  Chun 
10  come  to  the  conclusion  that  the  surface  pelagic  fauna 
lot  extend  to  any  great  depth,  but  he  has  undoubtedly 
that  within  a  short  distance  from  the  shore  there  are  a 
lumber  of  deep-sea  pelagic  animals  living  within  a  moderate 
from  the  bottom,  and  that  they  occasionally  come  to  the 
3.  These  deep-sea  pelagic  types  become  mixed  with  the 
e  pelagic  fauna  much  as  many  of  the  abyssal  types  which 
great  bathymetrical  range  are  dredged  within  the  hundred- 
i  line  or  near  it,  and  constitute  a  part  of  our  shallow-water 

must  remember  that  nearly  all  of  the  Radiolarians  which 
mentions  as  having  been  taken  with  the  tow  net  at  a  depth 
fathoms  have  also  been  collected  at  the  surface.  The  species 
rated  of  Tomopteris  of  the  Phrouimidae  are  more  common 
per  water  than  at  the  surface.  The  same  is  true  of  Stylo- 
a,  of  the  species  of  Spinalis,  and  of  the  two  species  of  Cepha- 
But  there  are  several  species  of  large  Appeudicularite, 
have  thus  far  escaped  the  surface  tow  net  of  all  the  natu- 
who  have  explored  the  Bay  of  Naples.     Chun  seems  to 
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have  demonstrated  for  surface  pelagic  animals  a  far  greater 
bathymetrical  range  than  they  were  known  to  have,  and  one 
which,  perhaps,  corresponds  to  the  wide  bathymetrical  range  of 
many  so-called  deep-sea  types  which  extend  from  the  greatest 
depths  at  which  animals  have  been  dredged  almost  to  the  regions 
of  the  littoral  belt. 

An  interesting  chapter  on  the  "Dissogonie"  of  Ctenophore* 
concludes  this  capital  memoir.  Chun  has  suggested  the  tens 
Dissogonie  to  indicate  the  peculiar  reproduction  and  development 
of  embryo  Ctenophorro.  He  has  observed  that  the  Cydippe  form 
of  Bolina,  after  the  degeneration  of  the  genital  organs  (which  are 
fully  developed  soon  aiter  leaving  the  egg  envelope),  is  developed 
into  the  Bolina  form.  This  monograph  is  illustrated  by  five  ex- 
cellent plates  from  the  pencil  of  Dr.  Chun.  One  of  the  plates 
gives  a  sketch  of  the  deep-sea  tow  net,  as  well  as  of  the  photo- 
graphic apparatus  used  by  Dr.  Chun.  a.  ag. 

0.  Report  on  the  Annelids,  of  the  Dredging  Expedition  of 
the  U.  S.  Coast  Survey  Steamer  "Blake;"  by  E.  Ehlebs. 
336  pp.,  4to,  with  60  plates. — Memoirs  of  the  Mus.  Comp.  Zool 
vol.  XV.  Cambridge,  1887. — An  admirable  volume.  Some  of 
the  plates  are  colored ;  all  engraved  in  the  best  style  of  the  art 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  National  Academy  of  Sciences. — The  following  is  a  list  of 
the  papers  entered  to  be  read  at  the  April  meeting  of  the 
Aeademv  in  Washington: 

.1.  K.  Olivkk  :     The  Rotation  of  the  Sun. 

T.  Stkury   Hint:     The  Foundations  of  Chemistry. 

T.  C.  Mkndkxhall:  On  an  Improved  Form  of  Quadrant  Electrometer,  with 
Remarks  uj>on  its  use. 

E.  P.  Copk:  On  the  Vertehrate  Fauna  of  the  Puereo  Series.  On  the  Audi- 
tory Bones  of  the  Patraehia. 

Okmonh  Stunk:     The  Orbit  of  Hyperion. 

W.  K.  Kmkksox  :  Map  of  Connecticut  River  Region  in  Massachusetts. 

A.  Hyatt:  Parallel  Series  in  the  Evolution  of  Cephalopoda.  .Evolution  of 
Cephalopoda  in  the  Fauna  of  the  Lias. 

L  V.  Wari>:  The  Evidence  of  the  Fossil  Plants  as  to  the  Age  of  the  Potomac 
Formation. 

S.  P.  I.ani;i.ky:   Vision  and  Energy. 

11.  A.  How i  \np:  Report  of  Progress  in  Spectrum  Photography.  Note  on  the 
Speotrum  of  Carbon  and  its  Existence  in  the  Sun. 

H    P.  Row  mini:   Reinforcement  and  Inhibition. 

A  0 it  hum  bvi.i. :  On  Apparent  Elasticity  produced  in  an  Apparatus  by  the 
Pressure  of  ihe  Atmosphere;  and  the  Hearing  of  the  Phenomenon  upon  the 
Hypothec  of  Potential  Euergy. 

H.  A.  Nkwion  .    fl:e  Orbits  "of  Aerolites. 

K.  C.  Pn'KKKtNis:   A  Large  Photographic  Telescope. 

W  T  Sn,;wirK  and  d.  U.  Tivkkh:  A  New  Method  for  the  Biological  Eiam- 
inatiou  of  Air;  with  a  description  of  an  Aerobioscope. 

Woirorr  i  linns  and  Hobkrt  Amort  Hare:  Preliminary  Notice  of  the  Object, 
Methods  and  Ke>u!ts  of  a  Systematic  Study  of  the  Action  of  Definitely  Related 
Chemical  Compounds  upon  Animals. 

liu  Rvmskn  :  On  the  Constitution  of  the  so-called  Double  Halogen  Salts. 
Studies  on  the  Rate  of  IVvomposition  of  the  Bromides  of  the  Saturated  Alcohol 
Radicals. 
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Thso.  Gill:  The  Characteristics  of  the  Order  and  Sub-orders  of  Fishes. 

F.  W.  Putnam  :  The  Serpent  Mound  and  its  Surroundings. 

C.  Y.  Rilbt  :  The  Systematic  Relations  of  Platypsyllus  as  determined  by  the 


G.  EL  F.  Peters  :  On  the  Position  of  the  Nova  of  1572,  as  determined  bjTycho 
Brmhe. 

J.  8.  Newberry  :  Some  Notes  on  the  Laramie  Group.  On  the  Structure  and 
Belations  of  Placoderm  Fishes. 

At  the  meeting  the  Draper  Astronomical  Medal  was  presented 
to  Professor  E.  C.  Pickering,  of  Cambridge,  and  the  Lawrence 
8mith  Medal,  for  original  work  upon  the  subject  of  Meteorites,  to 
Professor  HL  A.  Newton,  of  New  Haven. 

The  American  Anthropologist,  published  under  the  auspices  of  the  Anthropologi- 
cal Society  of  Washington,  vol.  i,  No.  1 ,  January,  1 888,  96  pp.  8vo.  Washing* 
ton,  D.  C,  1888. — This  new  Quarterly  Journal,  which  has  all  the  commendation 
it  needs  in  the  fact  of  its  being  the  continuation  of  the  Transactions  of  the  An- 
thropological Society  of  Washington,  comprises  in  its  editorial  Committee :  Prof. 
J.  Howard  Gobe,  Mr.  Thomas  Hampson,  Mr.  H.  W.  Hbnsiiaw,  Prof.  0.  T. 
Mason,  Dr.  Washington  Matthews,  S.  V.  Proddfit  and  Col.  F.  A.  Seelt. 
It  desires  to  extend  the  range  of  its  contributions  and  of  the  usefulness  of  the 
Washington  Society.  The  present  number  contains  papers  by  Dr.  J.  C.  Welling 
on  the  Law  of  Malthns;  Col.  Seelt  on  the  development  of  time-keeping  in  Greece 
and  Rome ;  Dr.  Frank  Baker,  anthropological  notes  on  the  human  hand ;  and 
Dr.  D.  G.  Brinton,  on  the  Chane-abai  (four-language)  tribe  and  dialect  of  Chiapas. 
Other  papers  are  to  appear  on  the  nephrite  question,  by  Dr.  A.  B.  Meter  of 
Dresden;  on  the  subject  "  From  barbarism  to  civilization,"  by  Major  Powell;  on 
Discontinuities  in  Nature's  methods,  by  H.  H.  Bates  of  the  U.  S.  Patent  Office. 
The  subscription  price  of  the  Journal  is  three  dollars  a  year.  Communications 
should  be  addressed  to  Mr.  Thomas  Hampson,  Washington,  D.  C. 

OBITUARY. 

Oscar  Harger,  whose  death  was  announced  in  the  December 
number,  was  born  in  Oxford,  Conn.,  January  12,  1843.     From 
his  father,  a  farmer  and  land  surveyor,  he  inherited  great  phy- 
sical endurance,  remarkable  mathematical  talents  and  the  salient 
points  of  his  strong  character.     By  almost  unaided  exertions  he 
prepared  himself  for   college,   and,   entering  Yale,    maintained 
nimself  during  the  four  years  of  undergraduate  study  by  teach- 
ing and  mathematical  work,  and  was  graduated  with  nigh  stand- 
ing in  the  Class  of  1868.     During  his  college  course  he  developed 
great  mathematical  capacity  and  ever  after  took  special  delight 
m  abstruse  mathematical  work,  often  resorting  to  it  for  recreation. 
It  is  probable  that  the  bent  of  his  mind  was  mathematical  but, 
while  a  boy,  he  had  studied  botany  and  become  familiar  with  the 
native  plants  about  his  home,  although  his  time  was  so  occupied 
with  farm  labor  during  the  proper  time  for  botanizing  that  he 
commenced  the  study  of  grasses  and  sedges  in  winter,  collecting 
and  identifying  many  species  from  the  hay  stored  in  barns.     His 
success  in  botany  undoubtedly  led  him  to  turn  his  attention  to 
other  departments  of  natural  history,  and  after  graduation  from 
college  he  abandoned  the  mathematical  career  open  to  him  and 
hegan  the  study  of    zoology  with  Professor  Verrill.     In  his 


426  Miscellaneous  Intelligence. 


zoological  studies  he  at  once  showed  special  aptitude  for  original 
work  and  had  begun  important  investigations  when,  in  1870,  he 
accepted  the  position  of  Assistant  in  Paleontology  under  Pro- 
fessor Marsh,  which  he  held  uninterruptedly  until  his  death. 

Although  the  greater  part  of  his  time  and  energy  was  given 
to  work  in  vertebrate  paleontology,  he  continued  his  investiga- 
tions in  invertebrate  zoology  as  long  as  his  health  permitted  and 
published  papers  on  mynapods,  a  fossil  arachnid,  isopods,  and, 
jointly  with  tne  present  writer,  a  report  on  a  dredging  expedition 
to  the  region  of  St.  George's  Banks.  His  last  and  most  important 
published  works  are  a  report  on  the  Marine  Isopoda  of  New 
England  and  the  adjacent  waters,  and  on  the  Isopoda  of  the 
Blake  dredgings  on  the  eastern  coast  of  the  United  States.  The 
former,  his  only  completed  work,  is  a  systematic  and  accurate 
monograph,  one  of  the  most  important  contributions  to  our 
knowledge  of  the  Isopoda,  and  will  long  remain  a  standard 
authority  and  a  manual  for  the  study  of  that  group  on  our  coast. 

These  publications  establish  his  reputation  as  a  zoologist,  but 
his  best  work  and  highest  attainments  were  in  the  department  of 
vertebrate  paleontology.  Remarkable  logical  powers,  an  unbiased 
mind,  and  years  of  accurate  observation,  had  given  him  a  truly 
wonderful  knowledge  of  vertebrate  osteology.  Under  his  hand 
the  broken  and  d;sarranged  bones  of  an  unknown  carpus  or  tarsus 
seemed  to  fall  into  their  proper  places  by  magic.  But  his  knowl- 
edge was  not  one  of  details  alone ;  he  had  a  truly  philosophical 
grasp  of  the  bearing  of  facts  on  evolution  and  classification ; 
and  only  the  few  who  knew  his  attainments  can  appreciate  how 
much  paleontologieal  science  would  have  been  advanced  had  he 
been  able  to  publish  his  observations  and  conclusions.  He  was 
not  a  scientific  specialist  only,  but  took  a  deep  and  practical  in- 
terest in  politics  and  other  questions  of  the  day,  and  his  peculiar- 
ly open  mind,  wholly  untrammeled  by  bias  or  preconception,  gave 
his  views  and  arguments  on  anv  subject  originalitv  and  value. 

Mr.  llarger  never  enjoyed  robust  health,  and  in  1879  he  was 
attacked  bv  a  cardiac  trouble  which  increased  from  vear  to  vear. 
Though  knowing  that  his  life  was  despaired  of  by  his  physicians 
and  friends,  he  never  spoke  of  his  illness  but,  with  silent  courage 
and  indomitable  will,  worked  on  eheerfullv,  attending  to  hiis 
regular  duties  until  prostrated  by  cerebral  hemorrhage  a  week  be- 
fore his  death. 

In  1ST"*  he  married  Miss  Jes>ic  Craig  of  New  Haven,  who, 
in  the  highest  sense,  was  his  helpful  and  sympathizing  com- 
panion. Only  those  can  fully  appreciate  his  loss  whose  privi- 
les;e  it  wa*  to  belong  to  the  little  circle  enjoying  his  even*  day 
companionship  and  who  feel  that  they  are  better  for  the  example 
of  his  pure  and  inriVxiblv  truthful  life.  s.  i.  s. 

l  lotcssor  J i -i  vs-Kmii.k  Planchon.  of  Mmitpellier,  died  April 
Nt.  at  the  ajjc  of  Oo>  vears. 
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Art.  XXXVI. — Note  on  Earthqualte-InUnsiA/y  in  San  Fran- 
cisco; by  Edward  8.  Holden,  LL.D.,  Director  of  the 
Lick  Observatory. 

Toward  the  end  of  1887,  the  Regents  of  the  University  of 
California  published  a  pamphlet  prepared  by  me  bearing  the 
title  "  List  of  Recorded  Earthquakes  in  California,  etc. ;"  1 887 ; 
8vo,  pp.  78.  This  work  contained  all  the  information  regard- 
ing California  earthquakes  which  I  have  been  able  to  collect. 
The  information  is  presented  in  a  popular  rather  than  a  scien- 
tific form,  though  the  Introduction  contains  statistics,  more  or 
less  valuable,  relating  to  the  distribution  of  the  shocks  by 
years,  months  and  seasons. 

It  is  the  object  of  the  present  note  to  obtain  an  estimate  of 
the  absolute  value  of  the  earthquake-intensity  developed  at 
San  Francisco  during  our  historic  period.  I  am  obliged  to 
confine  myself  to  San  Francisco,  whose  records  are  very  com- 
plete, owing  to  the  conscientious  care  of  Mr.  Thomas  Tennant 

With  this  end  in  view  I  have  gone  oyer  the  printed  pamph- 
let and  wherever  the  data  were  sufficiently  exact,  I  have  as- 
signed the  intensity  of  each  separate  shock  on  the  arbitrary 
scale  of  Rossi  and  Forel,  omitting  every  doubtful  case.  The 
later  papers  of  Professor  Rockwood  already  contained  this 
datum.  Omitting  all  doubtful  cases,  I  found  948  shocks  at 
214  different  stations  in  California  which  had   been  so  well 
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reported  as  to  allow  an  intensity  on  the  scale,  to  be  assigned 
with  certainty.  In  San  Francisco,  417  shocks  in  all  have  been 
recorded.     Of  these,  200  were  accurately  described. 

The  Rossi-Ford  Scale. 

I.  Microseismic  shock — recorded  by  a  single  seismograph,  or  by  seismograph 
of  the  same  model,  but  Dot  putting  seismographs  of  different  patterns  in  motion; 
rojwrted  by  experienced  observers  only. 

II.  Shock  recorded  by  several  seismographs  of  different  patterns;  reported  by 
a  small  number  of  persons  at  rest. 

III.  Shock  reported  by  a  number  of  persons  at  rest ;  duration  or  direction  noted. 

IV.  Shock  reported  by  persons  in  motion ;  shaking  of  movable  objects,  door* 
and  windows,  cracking  of  ceilings. 

V.  Shock  felt  generally  by  every  one ;  furniture  shaken ;  some  bens  rung. 

VI.  General  awakening  of  sleepers;  general  ringing  of  bells;  swinging  of 
chandeliers  ;  stopping  of  clocks ;  visible  swaying  of  trees ;  some  persons  run  oat 
of  buildings. 

VII.  Overturning  of  loose  objects ;  fall  of  plaster;  striking  of  church  belli; 
general  fright,  without  damage  to  buildings. 

VIII.  Fall  of  chimneys;  cracks  in  the  walls  of  buildings. 

IX.  Partial  or  total  destruction  of  some  buildings. 

X.  Great  disasters;  overturning  of  rocks ;  fissures  in  the  surface  of  the  earth; 
mountain  slides. 

Determination  of  the  mechanical  equivalent  of  each  degree  on  tht 

Rossi-Forel  scale. 

It  is  necessary  to  determine  the  value  of  each  degree  on  the 
Rossi-Forel  scale  in  terms  of  some  natural  units.  This  it  is 
im]>ossible  to  do  with  exactness,  owing  to  the  nature  of  the 
subject,  and  it  is  somewhat  difficult  to  get  results  sufficiently 
exact  to  be  used  in  practice. 

Referring  to  the  Rossi-Forel  scale,  we  lind  that  degrees  I, 
II,  III  correspond  to  the  Jul  in  gs  of  the  observer — to  his  sen- 
sations. The  rest  of  the  scale  (IV-X)  refers  chiefly  to  the 
effects  of  the  shock  in  producing  motion  upon  inanimate  mat- 
ter. The  problem  is  to  get  some  kind  of  a  common  unit  of  a 
mechanical  sort,  and  to  express  the  various  degrees  of  the  scale 
in  terms  of  this  unit.  There  is  no  question  as  to  what  unit  to 
employ.  The  researches  of  the  Japanese  seismologists  have 
abundantly  shown  that  the  destruction  of  buildings,  etc.,  is 
proportional  to  the  acceleration  produced  by  the  earthquake 
shock  itself  in  a  mass  connected  with  the  earth's  surface. 

The  earthquake  motion  is  a  wave-motion,  and  although  it  i> 
not  simple  harmonic,  it  is  novossarv  to  assume  it  to  be  such  to 
*ta;n  a  ba>:.s  for  computation.  We  assnme  then  «/  =  ampli- 
tude ot   the  "arp^sr  wave;  T  =  period  of  the  largest  wave: 

*    "~    -r    ~r  vo.vv::y  o:   the  impulse  given  by  the  shock:  1  = 
t-r  =  — tcr.sity  of  the  shock,  defined  mechanically 
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a  destructive  effect  =  the  maximum  acceleration  due  to  the 
impulse. 

It  would  be  logical  to  express  I  in  fractions  of  the  accelera- 
tion due  to  gravity,  i.  e.,  9810mm  per  Is.  As  these  fractions  are 
usually  small,  it  is  convenient  to  give  the  values  of  I  in  terms 
of  millimeters  per  Is. 

The  observations  of  Ewing,  Milne  and  Sekiya  on  Japanese 
earthquakes  give  for  each  shock  a  and  T,  from  which  V  and  I 
can  be  computed.  Very  frequently  a  description  of  the  effects 
<rf  the  shock  on  buildings,  etc.,  is  given  by  them,  which  descrip- 
tion is  often  sufficiently  minute  to  justify  the  characterization 
of  the  shock  by  one  of  the  degrees  of  the  Rossi-Forel  scale. 

I  have  carefully  examined  all  the  writings  of  the  three  gen- 
tlemen named,  accessible  to  me,  and  after  rejecting  all  doubt- 
ful cases,  I  have  found  twenty-one  shocks  ranging  in  intensity 
from  I  to  IX,  in  which  the  a  and  T  were  determined  by  in- 
struments and  in  which  I  could  assign  the  Rossi-Forel  intensity 
with  confidence.     The  following  table  is  the  result : 


Equivalents  of  the  degrees  of  intensity  of  Earthquake  shocks  on 
the  Rossi-Forel  scale,  in  terms  of  the  acceleration  due  to  the 
velocity  of  the  shock  itself* 


T      Vs      2rra 

1    — ~*    S3             . 

a        T1 

Roeai-Forel 

8cale. 

Intensity. 

I 

corresponds  to  20m,B  per  l» 

II 

"            40          " 

ra 

**            60          " 

rv 

"            80          " 

V 

41          110          " 

VI 

"          160          *• 

VII 

"          300          •* 

vin 

"           500           " 

IX 

"         1200          " 

Diff. 


So  far  as  I  know,  this  is  the  best  determination  possible  from 
tfie  meager  data  now  available. 

The  observations  at  Berkeley  and  Mt.  Hamilton  are  espe- 
jially  directed  toward  obtaining  better  values  of  these  rela- 
tions. A  few  years  of  observations  will  determine  them,  at 
[east  for  the  lighter  shocks  (I-VI). 

*  It  is  interesting  to  observe  the  influence  of  long  period  in  diminishing  the 
lectructive  effect  of  a  shock  of  given  amplitude.    Thus  a  shock  of  intensity  VIII 

tfw  1  =  -—  =  500mro  per  I*  by  observation.     If  T  =  0*1§,  a  =.  0,lmml  while  if 

Psl»,  o  =  IS""0,  and  so  for  other  cases. 
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Absolute  intensity  of  Earthquake  action  at  S<m  Ifametoa. 

417  shocks  of  all  intensities  have  been  recorded  at  San  Fna- 
Cisco  in  the  yean  1808-1888.  Of  these,  300  were  described  w 
definitely  that  their  intensities  eonld  be  assigned  on  the  Bo» 
Forel  scale  with  tolerable  certainty.  This  work  has  been 
done  with  great  care  and  is  summarized  in  the  following  table: 

No.  of  shocks  actual  reoordedat  San  ******>  (1S0S-1888)  hr  nftfct  fe  » 

firttultj  on  BoMl-Fortl  Seste.  Hsatarof 

1 8 

n 4 

III 

IV , 

V 

VI 11 

vn 4 

vra t 

IX 2 

TbtsJ, 100 

Beside  the  200  shocks  of  known  intensity,  there  are  817 
shocks  printed  in  my  catalogue.  No  doubt  a  great  number  of 
the  lighter  shocks  (I,  II,  III,)  are  not  recorded  at  all. 

Earthquake  action  is  so  irregular  and  lawless!  that  it  is  not 
possible  to  make  any  estimate  however  rough  of  the  number 
of  these  lighter  shocks.  Experience  has  amply  proved  that 
the  average  intensity  of  San  Francisco  shocks  is  not  above  IV 
on  the  Kossi-Forel  scale.  The  vast  majority  of  our  shocke 
are  II  and  III  and  the  average  is  certainly  below  IV.  I  shall, 
therefore,  assume  this  fact  as  a  basis  for  computation. 

The  200  shocks  of  known  intensity  are  evaluated  and 
summed  up  in  the  following  table : 

Unit!  of  Acceleration. 

3  shocks  of  intensity  I         correspond  to    8  x     20      =  160 

4  «  II  *•  "  4x  40  ss  160 
55  •»  III  "  u55x  60  k  3300 
50  %4  IV  "  "  60  x  80  ss  4000 
58  ••  4*  V  •'  •*  58  x  110  as  6380 
p  VI  ••  "  12  x  150  ss  1800 

4       »•  "  VII  u  "     4x   300       SB         1200 

7       ••  "  VIII  •'  %l     7  x    500       as         3500 

2       »•  ••  IX  "  a     2x1200       ss         2400 

200  recorded  shocks  of  known  intensities  correspond  to  22900  units. 

The  average  recorded  shock  corresponds  to  I  =  114  units  or 
approximately  to  V  on  the  scale.  This  simply  proves  that  aD, 
or  nearly  all,*  the  shocks  of  intensity  V  and  more  qpvere  have 
been  recorded  and  that  the  lighter  shocks  have  been  neglected 

As  has  been  said  417  shocks  in  all  have  been  noted  (of  which 
only  200  are  accurately  described).    I  assume  the  217  shocks  of 
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inknown  intensities  to  have  had  between  48  and  49  units  of 
ntensity  each,  or  10460  units  in-  all.     This  amounts  to  sup- 
toeing  our  average  shock  to  be  of  intensity  IV. 
In  this  way  the  table  will  stand  : 

UniU  of  Acceleration. 

217  shocks  of  unknown  intensity  give 1 0460 

200      "      "    known  intensity  give 22900* 

417  shocks  recorded  (1808-1888)  give .33360 

The  average  shock  is  of  intensity  IV  corresponding  to  80 
inits  or  to  jfad  part  of  the  acceleration  due  to  gravity.  The 
otal  intensity  of  33360  units  has  been  experienced  in  80  years 
ind  corresponds  to  3*4  the  acceleration  due  to  gravity.  That 
8  if  all  the  earthquake  force  which  has  been  expended  in  San 
Francisco  during  the  past  80  years  were  concentrated  60  as  to 
tct  at  a  single  instant,  it  would  be  capable  of  producing  an 
Lcceleration  of  34  times  that  of  gravity  or  about  109  feet  per 
lecond. 

The  total  earthquake  intensity  during  the  80  years  is  nearly 
Kjual  to  the  intensity  of  28  separate  shocks  as  severe  as  that  of 
1868,  but  it  has  been  doled  out  so  gently  and  gradually  that 
we  have  scarcely  known  of  it. 

On  the  average  392  units  of  intensity  have  been  developed 
luring  each  one  of  the  80  years  (1808-88).  This  will  allow  for 
jix  shocks  of  intensity  III  per  year  or  one  every  two  months, 
[n  fact  417  shocks  have  been  recorded  in  the  960  months. 

I  believe  that  my  earthquake  catalogue  as  printed  and  the 
)resent  note,  contain  nearly  all  the  precise  information  which 
xan  be  extracted  from  our  past  records,  at  this  time. 

TJie  automatic  earthquake  registers  now  in  use  at  the  Uni- 
versity of  California,  Berkeley  (under  the  care  of  Professors 
je  Conte  and  Soul6)  and  at  the  Lick  Observatory,  Mount 
Hamilton,  will  afford  valuable  data  after  a  few  years. 

I  am  greatly  in  hopes  that  the  chiefs  of  the  XL  S.  Geological 
Survey  and  oi  the  U.  S.  Signal  Bureau  may  find  it  practicable 
o  establish  and  care  for  seismometric  stations  in  the  state. 
Phe  cost  of  such  stations  is  small.  I  find  that  the  excellent 
luplex-pendulum  instrument  of  Professor  Ewing  can  be  satis- 
actorily  duplicated  for  §15.  The  California  Electric  Works, 
15  Market  street,  San  Francisco,  is  now  prepared  to  furnish 
»uch  instruments  at  that  price.  If  a  sufficient  number  of 
Nations  can  be  established  in  California,  it  seems  to  me  that  we 
nay  look  forward  to  the  collection  of  data  of  real  theoretical 
rod  of  some  practical  importance  within  comparatively  few 
reara 
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Akt.   XXXVII. — On  the  relation  of  the  Laramie  Group  to 
*  artier  and  later  Formations  ;  by  Charles  A.  White. 

[l'ubli>heri  by  permission  of  the  Director  of  the  U.  S.  Geological  Surrey.] 

■ 

While  some  geologists  and  paleontologists  have  claimed  the 
Laramie  Group  as  belonging  to  the  Tertiary,  others  have  as 
earnestly  asserted  its  Cretaceous  age.  In  the  course  of  my 
own  investigations  I  have  found  so  many  of  the  paleontologies 
characteristics  of  that  formation  to  be  of  little  or  no  value  as 
indicating  its  age,  and  other  evidence  to  be  so  conflicting  in 
character,*  that,  in  my  somewhat  numerous  writings  concern- 
ing that  group,  I  have  hitherto  treated  it  as  representing  a 
gradual  transition  from  the  Cretaceous  to  the  Tertiary.  In- 
vestigations concerning  the  physical  conditions  which  attended 
the  deposition  of  that  great  group  of  strata,  and  the  biological 
conditions  which  prevailed  during  its  accumulation  are  cer- 
tainly of  far  more  importance  than  the  mere  question  of  its 
contemporaneity  with  other  formations,  which,  as  regards  an? 
formation,  can  at  best  be  learned  only  approximately.  Still 
this  latter  question  is  by  no  means  a  trifling  one,  and  any  facte 
bearing  upon  it  ought  to  receive  due  consideration.  T*he  ob- 
ject of  this  article  is  to  record  certain  lately  acquired  fact*  re- 
lating tn  this  question,  and  to  present  the  bearing  upon  it  "f 
others  which  have  before  been  published. 

I  Miring  the  twelve  years  preceding  the  autuinii  of  1SS7.  in 
whii-h  1  Hat {  made  extensive  studies  and  observations  concern- 
ing the  Laramie  (J roup,  I  was  never  able  to  obtain  any  per- 
sonal kiiMwiedge  tif  the  actual  stratigraphical  relation  of  that 
group  to  any  «»f  the  marine  Tertiary  groups  which  border 
various  port  inns  of  Xorth  America.  I  had  studied  the  Lara- 
mie in  numerous  districts  from  the  State  of  Xuevo  Leon. 
Mexico,  i»n  the  south  to  northern  Montana  on  the  north;  and 
wherever  the  ba<e  of  the  formation  was  observable  it  was 
found  to  ivst  directly  and  conformably  upon  the  uppermost  of 
the  marine  Cretaceous  formations.-*-  Furthermore,  wherever 
any  >irata  were  found  resting  upon  the  Laramie  they  were 
alwavs  rh»»se  of  the  irreat  fresh  water  Tertiarv  series:  but  I 
had  not  then  traced  the  Laramie  into  a  district  within  which 
marine  Tertiarv  strata  were  known  to  exist.     That  is.  in  tra- 
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fte  Laramie  into  Mexico  I  had  followed  the  trend  of  that 
ition  from  the  north,  and  thus  passed  to  the  westward  of 
utcrops  of  the  Gulf  Tertiaries. 

1884,  Professor  E.  D.  Cope  announced  that  he  had  found 
Claiborne  beds  resting  immediately  upon  the  Laramie  at 
lo,"*  Texas ;  but  he  then  mentioned  no  correlated  facts 
pport  of  this  important  announcement  and,  so  far  as  I  am 
},  none  have  since  been  published.  The  known  south- 
ard trend  of  the  Laramie,  and  the  circling,  and  therefore 
urging,  trend  of  the  Gulf  series  of  formations  made  it  evi- 
that  the  district  traversed  by  the  lower  Rio  Grande 
i  be  found  to  be  the  most  promising  field  in  which  to 
h  for  the  stratigraphical  relation  between  the  Laramie 
the  Eocene  Tertiary.  With  this  object  in  view,  I  last 
nn  visited  that  region  and  had  the  satisfaction  of  confirm- 
be  observation  previously  made  by  Professor  Cope, 
irting  at  Eagle  Pass,  Texas,  I  proceeded  down  upon  the 
n  side  of  the  valley  of  the  Rio  Grande  to  Laredo,  mak- 
bservations  by  the  way.     The  strata  representing  the  Fox 

Group  of  the  western  section  and  the  Ripley  Group  of 
eastern,  were  found  to  dip  gradually  in  the  direction  of 
course  of  the  river,  and  to  receive  those  of  the  Laramie 
ip  upon  them,  the  older  strata  passing  finally  from  view 
at  direction. 
Le  strata  which  are  exposed  in  the  bluffs  along  the  left 

of  the  Rio  Grande  from  twenty-five  to  thirty  miles  above 
io,  and  which  bear  one  or  more  workable  beds  of  coal 
>,  are  referred  confidently  to  the  Laramie,  although  they 
ied  me  only  a  few  imperfect  fossils.  These  strata  dip 
aally  to  the  southeastward  or  approximately  in  the  direc- 
of  the  river's  course,  and  disappear  beneath  the  sandy 
i  of  the  Eocene  Tertiary  some  ten  or  twelve  miles  above 
do.  Below  this,  and  all  around  Laredo,  the  strata  which 
ind  exposed  are  of  Eocene  age  ;  and  in  many  places  they 
an  abundance  of  characteristic  fossils. 
)ing  westward  from  Laredo  to  Lampazos  in  Mexico,  I  was 
to  recognize  the  Eocene  strata  for  a  distance  of  about 
ty  miles,  beyond  which  the  underlying  rocks  are  so  fully 
ired  by  the  debris  of  the  plain  that  no  exposures  were 
•ved  until  the  neighborhood  of  Lampazos  was  reached, 
known  presence  of  Laramie  strata,  a  few  miles  to  the 
lward  of  Lampazos,  which  bear  characteristic  molluscan 
Is  of  that  formation,  however,  leaves  no  room  for  doubt 
the  Laramie  is  overlaid  by  the  Eocene  upon  the  Mexican 
of  the  Rio  Grande,  just  as  it  is  upon  the  Texan  side. 

*Proc.  Am.  Philos.  Soc.,  vol.  xxi,  p.  615. 
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While  I  have  no  doubt  as  to  the  Laramie  ace  of  the  stab 
referred  to,  which  I  observed  on  both  aides  of  the  Bio  Grande, 
and  none  aa  to  the  Eocene  age  of  the  strata  which  I  found 
overlying  them,  I  am  by  no  means  certain  that  the  lowermoit 
strata  which  I  found  resting  upon  the  Laramie  near  Laredo 
represent  the  lowermost  strata  of  the  Eocene  division  of  tie 
Gulf  series.  Indeed,  so  fur  as  I  could  discover,  no  equivalent 
of  the  "  Northern  Lignite "  the  lowermost  member  of  the 
Eocene  of  Hilgard's  Mississippi  section,  exists  in  the  region 
round  about  Laredo,  unless  the  coal-bearing  strata  of  the  upper 
portion  of  the  Laramie  are  really  its  equivalent.  I  am  im- 
posed to  accept  this  view  of  the  case,  and  to  regard  the 
Northern  Lignite  of  the  Mississippi  section  and  its  equivalents 
elsewhere,  including  the  uppermost,  strata  of  the  Laramie,  as 
really  of  Eocene  age. 

Those  lignitic  beds  in  the  State  of  Mississippi  and  in  eastern 
Texas  rest  directly  upon  the  Ripley  Group,  the  uppermost  of 
the  marine  Cretaceous  series  of  the  Gulf  region,  just  as  the 
Laramie  rests  upon  the  equivalent  of  the  Fox  Bills  and  Ripley 
Groups  in  western  Texas.  But  the  f  annal  hiatus  between  the 
Ripley  and  marine  Eocene  beds  in  those  eastern  regions  is  so 
great  that  one  may  reasonably  suppose  it  to  represent  sufficient 
time  for  the  deposition  of  a  laraer  and  more  important  forma- 
tion than  the  lignitic  beds  alone  constitute  there ;  such  a 
formation,  for  example,  as  is  the  Laramie  Group.  Still,  the 
fact  remains  that  the  Laramie  Group  as  a  whole  is,  in  the  val- 
ley of  the  lower  Rio  Grande,  overlaid  by  strata  which  all  agree 
to  bo  of  Eocene  ace.  This  fact  makes  it  certain  that  the  Lara- 
mie Group  as  a  whole  is  older  than  certain  well  marked  Eocene 
strata ;  and  it  is  also  presumptive  evidence  of  the  Cretaceous 
age  of  at  least  the  greater  part  of  the  Laramie.  There  are 
also  other  facts  pointing  to  the  same  conclusion  which  will  be 
discussed  in  the  following  paragraphs. 

Several  years  ago.  Dr.  G.  J£  Dawson  announced  the  exist- 
ence, in  that  portion  of  British  America  which  is  in  large  part 
drained  by  the  Saskatchewan  River  and  its  tributaries,  of  a 
formation  in  the  Cretaceous  series  which  had  not  before  been 
recognized,  aud  to  which  he  gave  the  name  of  a  Belly  River 
series."  Since  then  both  he  and  other  members  of  the  Cana- 
dian Geological  Survey  have  frodi  time  to  time  published 
accounts  of  the  same  formation.*  They  report  this  formation 
as  resting  upon  the  equivalent  of  the  combined  Benton  and 
Niobrara  groups  of  Meek  *t  Hayden's  section  of  the  Upper 


*S*e  Dawson.  Geo.  UM  GeoL  and  Xak  Hi*.  Surrey  Cfcaada  for  1S82-33-& 
C.  pp.  1-169.  Dawson.  Geo.  M.,  ib.  for  ISS5.  R.  p.  166.  XcConneO.  R.  G-  ib. 
for  ISS3.  C.  pp.  1-&5.  WhibMT*$t  J.  F-  Contributions  to  dmwtmAi*^  Paleortokgr. 
toI.  L  Part  I.  ISS5. 
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Missouri  Cretaceous,  and  as  underlying  strata  which  bear  mol- 
lnscan  forms  such  as  characterize  the  Pierre  and  Fox  Hills 
groups  of  the  same  section. 

The  fossils  which  they  report  as  coming  from  the  Belly 
River  formation  are  wholly  different  from  those  that  charac- 
terize the  formations  which  underlie  it,  as  well  as  the  one 
which  immediately  overlies  it.  Their  collections  not  only  in- 
dicate the  absence  of  true  marine  forms  from  the  Belly  Kiver 
formation,  and  the  presence  in  it  of  remains  of  both  verte- 
brate* and  invertebratef  faunas  which  are  similar  to  those  of 
the  Laramie,  but  they  contain  a  considerable  number  of  mol- 
luscan  forms  winch  are  specifically  identical  with  a  part  of 
those  which  characterize  the  Laramie  Group. 

Those  geologists  furthermore  report  that  the  marine  Creta- 
ceous strata  which  overlie  the  Belly  River  formation  are,  in 
turn  overlaid  by  true  Laramie  strata,  bearing  the  characterisfic 
fossils  of  that  formation.  The  following  table  shows  the  rela- 
tion of  the  forementioned  formations,  with  one  another ;  and 
also  the  relation  of  Dr.  Dawson's  section  with  the  Upper  Mis- 
souri section  of  Meek  &  Hayden.. 

Meek  and  Hayden.  Dawson ,J 

Judith  Riverbeds  [Laramie]. Laramie. 

?°- 1'  Z°\  ?119  GnUP     [ Fox  Hills  and  Pierre.§ 

No.  4.  tort  Pierre  Group  J  ° 

Wanting Belly  River  beds. 

Na  i  JrKZp  \ B—  «*  o™-") ? 

No.  1.  Dakota  Group Dakota; 

and  upper  part  of  Kootanie. 

Considerable  palepntological  difference  between  the  com- 
bined Benton  and  Niobrara  groups  beneath,  and  the  Pierre 
and  Fox  Hills  groups  above,  has  long  been  known  to  exist.  In 
recognition  of  this  difference  Meet  designated  the  two  divis- 
ions respectively,  as  the  "  upper  "  and  "  lower  series  "  ;  and  as 
u  Earlier  and  £ater  Cretaceous."  Still,  those  formations  have 
been  generally  regarded  by  geologists  as  forming  a  continuous 
series  of  marine  deposits  which  was  unbroken  as  such  until  the 

*  Professor  E.  D.  Cope  has  examined  collections  of  vertebrate  remains  from 
the  Belly  River  formations,  and  has  personally  informed  me  that  they  consist 
wholly  of  Laramie  types. 

fSee  Cont.  Canadiau  Paleontology,  vol.  i,  Part  I,  pp.  55-77;  and  plates  IX 
and  X. 

t  See  Ann.  Rep.  Geol.  and  Nat.  Hist.  Surv.  Canada  for  1885,  p.  166,  B. 

&  It  will  be  seen  that  Dr.  Dawson  combines  together  the  Fox  Hills  and  Pierre, 
and  also  the  Benton  and  Niobrara  divisions,  recognizing  only  a  single  formation 
in  each  of  the  two  oases.  This  combination  has  also  long  been  adopted  by  mem- 
bers of  the  U.  S.  Geological  Survey,  on  the  ground  that  there  is  no  sufficient  rea- 
son for  separating  them  except  for  occasional  local  study. 
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uppermost  one  received  upon  it  the  great  brackish-  and-fresh- 
water  Laramie  formation.  Therefore  the  first  announcement 
of  Dr.  Dawson's  discovery  was  received  with  not  a  little  sur- 
prise by  the  geologists  who  had  studied  the  formations  re- 
ferred to  in  more  southern  regions. 

I  have  never  visited  the  Saskatchewan  region  and  cannot 
therefore  speak  of  the  formations  there  from  personal  observa- 
tion. But  after  carefully  reading  the  accounts  which  have  been 
published  by  the  Canadian  geologists,  and  having  had  grati- 
fying personal  interviews  upon  the  subject  with  both  Dr.  Daw- 
son and  Mr.  Whiteaves,  I  can  now  see  no  good  reason  to  doubt 
the  correctness  of  their  observations.  Accepting  their  conclu- 
sions, it  appears  that  in  the  region  referred  to,  the  deposition 
of  marine  Cretaceous  strata  was  interrupted  at  the  close  of  the 
Niobrara  epoch  by  such  a  change  in  physical  conditions  as 
catised  the  introduction  upon  the  area  which  had  been  occu- 
pied by  marine  waters  of  a  brackish-  and  fresh-water  forma- 
tion similar  to  the  Laramie.  It  also  appears  that  upon  the 
completion  of  that  brackish-  and  fresh  water  formation,  marine 
conditions,  similar  to  the  first,  were  resumed ;  and  the  Pierre- 
Fox  Hills  formation  was  then  deposited.  Furthermore,  upon 
the  completion  of  the  last  named  formation,  brackish-  and 
fresh-water  conditions  were  resumed,  over  the  same  area,  when 
the  Laramie  Group  was  deposited. 

The  specific  identity  of  a  considerable  part  of  the  molluscan 
fauna  ot  the  Belly  River  formation  with  Laramie  forms  makes 
it  necessary  to  assume  that  both  faunas  had  a  common  origin. 
This  proposition  being  accepted,  the  stratigraphical  relation  of 
the  Belly  River  formation  with  the  Laramie  makes  it  further 
necessary  to  assume  that  at  least  a  large  part  of  the  fauna  of 
the  Laramie  was  derived  directly  from  that  of  the  Belly  River 
formation. 

The  introduction  of  a  true  marine  formation  between  the 
two  which  are  of  brackish  and -fresh- water  origin  precludes 
the  supposition  that  the  earlier  fauna  prevailed  over  the  same 
area  which  it  first  occupied  during  the  deposition  of  that  ma- 
rine formation.  The  presence  of  certain  identical  species  in 
both  the  Belly  River  and  Laramie  formations  is  presumptive 
proof  that  those  species  somehow  and  somewhere  survived  dur- 
ing the  time  that  the  Pierre- Fox  Hills  formation  was  in  course 
of  deposition.  The  absence  of  any  equivalent  of  the  Belly 
River  formation  from  the  marine  Cretaceous  series  which  so 
extensively  prevails  to  the  southward  of  the  Missouri  river 
seems  to  indicate  that  the  molluscan  fauna  of  that  formation 
originated  in  that  northern  region,  and  that  it  did  not  then 
extend  far  to  the  southward. 
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The  species  referred  to  were  gill-bearing  mollusca,  and  to 
have  survived  they  must  have  had  a  continuously  congenial 
habitat.  That  is,  they  were  in  part  fresh-water  and  in  part 
brackish-water  forms,  and  those  respective  conditions  of  the 
waters  in  which  they  lived  must  have  been  somewhere  contin- 
uous to  have  made  the  survival  of  those  species  possible.  It  is 
therefore  probable  that  the  Belly  River  and  Laramie  faunas 
somewhere  became  blended  together  as  one,  upon  the  final 
retirement  of  the  marine  Cretaceous  waters ;  although  no  such 
blending  of  the  strata  of  those  formations  has  yet  been  dis- 
covered. Whatever  may  have  been  the  facts  in  the  case,  the 
specific  identity  of  those  Belly  River  and  Laramie  mollusca 
makes  it  necessary  to  assume  that  at  least  a  considerable  part 
of  the  Laramie  molluscan  fauna  began  its  existence  long  be- 
fore the  close  of  the  Cretaceous  period  as  it  is  represented  by 
marine  formations.  This  f aunal  relationship  between  the  Belly 
River  and  Laramie  formations  also  strongly  connects  the  latter 
formation  with  the  Cretaceous. 

The  two  categories  of  facts  relating  to  stratigraphical  rela- 
tions of  the  Laramie  which  have  been  presented  in  the  preced- 
ing paragraphs  of  this  article,  and  which  are  strongly  sug- 
gestive of  its  Cretaceous  age,  have  not  before  been  publicly 
discussed  in  that  connection.  There  are  however  two  other 
categories,  one  relating  to  physical,  and  the  other  to  paleonto- 
logical  phenomena  which  have  been  much  discussed,  both  of 
which  have  been  held  by  many  persons  to  prove  conclusively 
the  Cretaceous  age  of  the  Laramie.  The  paleontological  fact 
which  has  most  influenced  the  views  referred  to,  and  the  only 
one  that  need  be  mentioned  here,  is  the  occurrence  of  dino- 
saurian  remains  in  the  Laramie,  extending  even  to  some  of  its 
uppermost  strata. 

The  physical  phenomena  referred  to  pertain  to  certain  of  the 
orogenic  and  epirogenic*  movements  which  have  taken  place 
within  the  great  region  occupied  by  the  Laramie  Group.  The 
movements  referred  to  are  those  which  on  the  one  hand  have 
resulted  in  the  present  elevation  of  that  great  western  portion 
of  North  America,  and  on  the  other,  in  such  great  folds,  for 
example,  as  those  out  of  which  the  Uinta,  and  Rocky  Mountains 
have  been  carved.  In  at  least  the  greater  part,  ana  apparently 
all,  of  those  movements  the  Laramie  Group  is  found  to  have 
been  fully  involved  together  with  all  the  formations  beneath 
it;  while  the  later  formations  were  not  so  fully  involved. 
Thus  there  appears  to  have  been  within  that  region  no  phys- 
ical break  in  the  continuous  accumulation  of  material  compos 
ing  the  true  marine  Cretaceous  formations,  and  none  of 
importance  until  the  close  of  the  Laramie  period,  if  we  ex- 

*  Etym.  Kireipos ;  mainland,  or  continent. 
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cept  the  great  hiatus  which  probably  exists  between  the 
Carboniferous,  and  the  Uinta  Sandstone.  The  sedimenta- 
tion also  seems  to  have  been  continuous  from  the  upper- 
most of  the  marine  Cretaceous  formations  into  the  Laramie, 
although  the  faunas  of  these  respective  groups  are  widely  dif- 
ferent. Consequently  field  geologists  have  always  experienced 
great  difficulty,  in  the  frequent  absence  of  distinguishing  fos- 
sils, in  separating  that  marine  Cretaceous  formation  from  the 
Laramie ;  and  they  have  therefore  been  disposed  to  regard  the 
latter  as  a  Cretaceous  formation. 

While  I  still  believe  that  at  least  the  upper  strata  of  the 
Laramie  Group  represents  a  gradual  transition  from  the  Cre- 
taceous to  the  Tertiary  period,  the  facts  which  have  been  pre- 
sented in  the  preceding  paragraphs  certainly  constitute  strong 
presumptive  evidence  01  the  Cretaceous  age  of  the  greater 
part  of  it.  Judging  from  my  own  investigations,  it  is  regarded 
as  impossible  to  draw  either  a  paleontological  or  a  stratigraph- 
ical  dividing  line  between  the  Cretaceous  and  Tertiary  por- 
tions of  the  Laramie  Group.  Therefore  the  established  cus- 
tom Qf  geologists  in  formulating  a  scheme  of  classification  of 
the  formations,  seems  to  require  that  the  whole  group  should 
be  classed  either  as  Cretaceous  or  Tertiary.  It  is  not  only  con- 
ceivable, but  it  is  natural  to  suppose,  that  a  transitional  forma- 
tion might  possess  characteristics  which,  so  far  as  evidence  of 
age  is  concerned,  would  be  nearly  equally  balanced  between 
two  periods.  I  believe  the  ChicoTejon  series  of  California, 
for  example,  actually  presents  jnst  such  a  case.  The  evidence, 
as  a  whole  in  the  case  of  the  Laramie  however  does  not  appear 
to  be  so  well  balanced,  and  in  my  future  writings  I  shall  prob- 
ably class  the  Laramie  as  a  Cretaceous  formation  ;  although  I 
shall  regard  this  practice  as  little  more  than  a  matter  of  con- 
ventional convenience. 


Art.  XXXVIIL— The  Gabbros  and  DioriUs  of  the  «M- 
latirft  Series  "  on  the  Hudson  River  near  Peekskill,  3".  1.; 
by  George  II.  Williams. 

Is  two  former  papers*  I  have  described  two  types — perido- 
tites  and  norites — which  form  members  of  that  complex  group 
of  massive  rocks  occurring  in  the  northwestern  corner  of  West- 
chester County,  N.  Y.,  and  designated  by  Prof.  J.  D.  Dana  as 
the  "  Cortlandt  Series."  The  area  occupied  by  these  rocks— 
about  twenty  live  square  miles  in  extent  and  nearly  coincident 

*  This  Journal,  III,  xxxi,  Jan.  1886,  p.  26;    ib.,  xxxiii,  Feb.  and  March,  1SST. 
p.  135  and  p.  191. 
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with  Cortlandt  township— is  mainly  composed  of  norite,  the 
many  varieties  of  which  were  described  in  my  last  paper.  In 
the  southeastern  and  southwestern  corners  of  the  township,  as 
well  as  on  Stony  Point  on  the  opposite  side  of  the  Hudson 
River,  olivine-norites  and  peridotites  are  found,  while  at  other 
localities,  mostly  in  the  southwestern  portion  of  the  area, 
still  different  but  closely  allied  types  of  massive  rocks  occur. 
These,  which  form  the  subject  of  the  present  communication, 
are : — 

Class  III,  Gabbro, 
Class  IV,  Diorite, 
Class  V,    Mica-Diorite. 

These  rocks  are  everywhere  connected  so  closely  by  inter- 
mediate forms  that  they  may,  to  a  certain  extent,  be  regarded 
as  facies  of  the  norite.  Indeed,  even  in  the  types  most  widely 
removed  from  the  prevailing  rock  hypersthene  is  very  liable 
to  recur.  There  are  enougn  general  resemblances  and  con- 
necting links  to  join  all  the  rocks  of  this  series  into  a  geologi- 
cal unit ;  and  at  the  same  time  there  are  differences  sufficient 
to  show  that  many  types  were  successively  produced  from  the 
same  igneous  focus. 

Class  III.     Gabbro  (von  Buck.) 

1.  Gabbro  proper. — This  rock  is  to  be  found  at  only  a  few 
isolated  localities,  of  which  the  most  representative  is  u  Hun- 
ger's Corners,"  a  short  distance  west  of  Montrose  Station  on  the 
S".  T.  C.  &  H.  E.  R  Prof.  Dana  has  designated  this  place  as 
"  a  "  on  his  map,  and  describes  the  occurrence  as  "  a  grayish 
white  augitic  rock."*  It  is  represented  by  several  slides  in 
both  Pro£  Dana's  and  the  Johns  Hopkins  University  collec- 
tion.    (No.  42  and  K,  Mt.  13  (D)). 

Under  the  microscope  this  rock  appears  as  an  aggregate  of 
allotriomorphous  plagioclase  and  augite  grains.  The  latter 
mineral  is  of  a  reddish  or  grayish  color,  ooth  often  appear- 
ing in  the  same  crystal  individual.  It  is  without  pleochroism 
and  frequently  shows  a  pronounced  orthopinacoidal  parting. 
The  substance  of  the  augite  or  diallage  is  for  the  most  part  un- 
altered, although  a  little  green  uralite  is  occasionally  devel- 
oped. Accessory  constituents  in  this  rock  are  biotite,  apatite, 
ilmenite  and  sphene.  The  last  named  mineral  is  quite  abun- 
dantly represented  in  all  sections  and  appears  to  have  resulted 
from  the  alteration  of  the  titanic  iron. 

The  gabbro  shows  evidence  of  great  dynamic  action.  The 
twinning  lamellae  of  the  plagioclase  are  much  curved  and  both 

*  This  Journal,  III,  xx,  p.  195,  and  p.  211,  Sept  1880. 
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the  feldspar  and  the  augite  are  often  peripherally  granulated 
by  crushing  and  rubbing. 

Another  rock  (No.  44)  occurring  at  Centerville  on  the  south 
side  of  Prof.  Dana's  limestone  4,*  is  in  all  respects  identical 
with  the  gabbro  at  Hunger's  Corners. 

The  eruptive  dykes  which  occur  in  such  intimate  association 
with  the  limestone  at  the  southern  end  of  Verplanck  Point, 
are  in  part  gabbros  ;  in  part  mica-  or  hornblende  diorites.  No. 
Ill,  from  one  of  the  narrowest  of  these  dikes,  is  quite  like 
the  gabbros  last  described,  except  that  it  is  finer  grained.  Its 
augite  also  is  more  extensively  changed  to  uralite.  The  thin 
section  of  this  specimen  includes  some  of  the  limestone  in  con- 
tact with  the  eruptive  rock.  This  is  altered  by  the  nieta- 
morphic  action  into  a  granular  aggregate  of  pale  green  py- 
roxene together  with  some  pale  hornblende  and  pleonaste. 

2.  MicorGabbro. — The  presence  of  accessory  biotite  in  the 
gabbros  has  been  mentioned  above ;  in  some  cases  this  min- 
eral becomes  so  largely  developed  as  to  equal  or  even  exceed 
the  amount  of  augite  present.  Thus  No.  109  and  VK  5,  of 
Prof.  Dana's  collection,  both  from  dikes  at  Verplanck  Point, 
differ  only  from  the  normal  gabbro  of  this  locality  in  the  in- 
creased amount  of  biotite  present.  No.  45  also  ie  only  a  bio- 
tite modification  of  the  Centerville  gabbro  above  mentioned. 

The  most  interesting  point  in  regard  to  the  gabbros  of  the 
Cortlandt  Area  is  that  they  always  (so  far  as  observations  yet 
extend),  occur  immediately  beside  limestone.  They  seem  to 
represent  a  local  modification  of  the  norite  produced  by  an 
increase  of  lime,  for  this,  as  is  well  known,  would  change  the 
jorthorhombic  magnesian  hypersthene  to  a  monoclinic  pyroxene. 

Class  IV.     Diorite.     (Haily.) 

The  hornblende,  which  imparts  the  essential  character  to  this 
class  of  rocks,  is  compact  and  homogeneous  in  structure,  pos- 
sessing every  appearance  of  a  primary  constituent.  It  occurs 
in  allotriomorpnous  individuals  which  vary  in  size  according  to 
the  coarseness  of  the  rock  grain.  In  the  main  this  hornblende 
is  identical  with  that  already  described  at  length  from  the 
hornblende-peridotite  of  Stony  Point.f  In  some  instances 
this  hornblende  contains  the  same  delicate  inclusions,  while  in 
others  these  are  totally  wanting.  Its  pleochroism  is  always 
strong,  and  its  color  either  a  deep  chestnut  brown  or  a  bright 
green.  More  rarely  it  shows  by  transmitted  light  a  color  in- 
termediate between  these  two. 

*  Vid.   the  map  in  Prof.  Dana's   article.     This  Journal,  III,   xx.   p.   195.  Sept.. 
1880. 

f  This  Journal,  III,  xxxi,  p.  31,  Jan.   1886. 
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The  two  types  of  diorite  produced  by  the  presence  of  brown 
or  of  green  "hornblende  are  quite  distinct  both  in  their  occur- 
rence and  relationships.  The  former  is  always  associated  with 
yroxene  rocks  and  tends  to  pass  gradually  into  norite,  gab- 
ro,  or  pyroxenite ;  by  a  total  loss  of  feldspar  these  diorites 
may  also  develop  into  massive  hornblendites.  The  diorites 
composed  of  green  hornblende,  on  the  other  hand,  show  their 
closest  relationship  to  the  mica-bearing  rocks. 

The  grain  of  these  diorites  varies  extremely,  from  apha- 
nitic  varieties  to  such  as  have  hornblende  individuals  over  six 
inches  in  length. 

1.  Brown^ornblende-Diorite. — This  type  is  best  developed 
in  the  wonderfully  complicated  net-work  of  massive  rocks  ex- 
posed on  the  river  bank  along  the  northern  portion  of  Mon- 
trose Point.  The  brown  diorite  is  most  intimately  associated 
with  norite,  and  grades,  on  the  one  hand  into  this,  and  on  the 
other  into  a  massive  brown  hornblendite.  The  other  constitu- 
ents are  triclinic  feldspar  (presumably  the  same  cmdesine  as 
occurs  in  the  norites),*  apatite  and  magnetite.  Accessory  hy- 
persthene  is  common  by  which  the  diorite  shows  its  tendency 
to  grade  into  the  norite. 

The  brown  diorites  extend,  with  exactly  the  eame  aasocia- 
tions,  eastward  from  Montrose  Point  nearly  as  far  as  Mon- 
trose Station,  as  is  shown  by  a  large  number  of  sections  in 
both  the  University  and  in  Prof.  Dana's  collection.  They 
were,  however,  not  encountered  in  other  parts  of  the  Cort- 
landt Area. 

2.  Hornblendite. — Both  coarse-  and  fine-grained  aggregates 
of  compact  brown  hornblende  occur  abundantly  along  the 
northern  portion  of  Montrose  Point.  These  rocks  have  a  glis- 
tening black  color  and  are  most  intimately  associated  with  the 
norites,  hyperites,  diorites,  and  pyroxenites  which  also  occur 
there.  JNo  more  complicated  mterpenetration  of  eruptive 
rock-types  could  possibly  be  imagined  than  is  displayed  at  this 
locality — every  rock  includes  and  forms  dykes  in  every  other ; 
and  at  the  same  time  every  type  passes  by  gradual  changes  in 
its  mineralogical  composition  into  every  other  one ! 

The  striking  examples  of  the  passage  by  paramorphism  of 
pyroxene  into  compact  brown  hornblende  described  some  time 
since  by  the  writer,  f  occur  in  rocks  from  Montrose  Point 
intermediate  between  pyroxenite  and  hornblendite.  The 
origin  of  the  brown  hornblende  from  both  the  diallage  and 
the  hypersthene  is  so  apparent  as  to  suggest  the  derivation 
of  all  the  hornblendites  by  paramorphism  from  preexistent 
pyroxenites. 

*  This  Journal,  III,  xxxlii,  p.  140,  Feb.,  1886. 

f  This  Journal,  III,  xxviii,  p.  261,  et  seq.,  Oct.,  1884, 
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Specimen  Mt  7  of  Prof.  Dana's  collection  is  interesting  u 
illustrating  the  alterations  which  one  of  the  coarser  hornUend- 
ites  from  Montrose  Point  has  undergone.  The  change  of  the 
brown  hornblende  is  to  serpentine  and  talc 

Hornblendite  composed  entirely  of  green  hornblende  is  ran 
within  the  Cortlandt  Area.  It  does,  however,  occur  among  the 
dykes  intersecting  the  limestone  at  Verplanck  Point,  as  shown 
in  section  VJL1.  of  Prof.  Dana's  collection. 

3.  Grem-hornbknde-IHorite. — Typical  diorites  of  this  das 
are  not  common  in  the  Cortlandt  Area.  Those  observed  occur 
in  narrow  dykes  on  Montrose  or  Verplanck  Points.  These 
diorites  which  are  wholly  free  from  biotite  always  contain  a 
hornblende,  which,  though  it  may  properly  be  called  green,  hie 
nevertheless  a  decidedly  brownish  tinge.  On  the  whole  the 
relationship  of  these  rocks  with  the  brown  hornblende  diorites 
is  much  closer  than  it  is  to  those  of  the  following  diss. 

By  far  the  most  typical  development  of  the  green-hornblende 
diorites  belonging  to  the  "  Cortlandt  Series,"  occurs  along  the 
edge  of  the  steep  rock  wall  which  extends  westward  from 
Oruger's  Station,  toward  Montrose  Point  This  abrupt  ascent 
marks  the  contact  between  the  massive  rocks  and  the  softer, 
though  much  metamorphosed  schists.  These  diorites,  however, 
always  carry  a  large  amount  of  biotite  and  therefore  are  more 
properly  classed  as 

4.  SIiea-hornhlende-Diorite8.—Ti!Le  association  between  this 
type  and  the  pure  mica-diorite  (class  V)  is  extremely  intimate 
and  there  is  everywhere  observable  a  tendency  toward  the  de- 
velopment of  the  latter  rock  by  the  total  replacement  of  the 
hornblende  by  the  biotite. 

The  most  prominent  microscopical  peculiarity  of  these  green 
diorites  is  their  sudden  and  extreme  alterations  of  grain ;  very 
coarse  and  tine  varieties  occurring  side  by  side  in  the  same  ex- 
posure, in  a  manner  unequalled  in  any  other  part  of  the  entire 
Cortlandt  Area.  The  test  locality  to  observe  this  structure  is 
just  above  the  brick-sheds  near  Ganger's  Station,  at  a  point 
marked  " p%%  on  Professor  Dana's  map.* 

The  constant  mineral  constituents  of  these  diorites  are  a 
finely  striated  plagioclase.  green  compact  hornblende,  biotite, 
magnetite,  epidote  and  apatite.  Less  abundant  are  an  unstri- 
ated  feldspar  ^orthoclase)  and  quartz.  Garnet  is  a  frequent 
cndo-nietamornhie  prtnluct  near  the  contact  of  the  diorite  with 
the  schists.  The  hornblende  differs  only  in  its  color  from  the 
compact  brown  hornblende  alreadv  described  in  other  mem- 
bers of  the  %%  Cortlandt  Series/*  ft  occurs  in  irregular  indi- 
viduals which  are  filled  with  magnetite  inclusions.  The  color 
is  a  deep  grwiu  often  inclining  to  bluish-green,  and  the  pleo- 
chroism  is  vjnrv  intense. 

*Loc  cit. 
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All  the  other  constituents  of  the  coarse  hornblende-mica- 
diorites  of  Cruger^s  Point  are  identical  with  those  of  the  typi- 
cal and  more  abundant  mica-diorite.  They  may  therefore 
best  be  described  in  connection  with  this  rock  (class  V),  of 
which  indeed  the  type  now  under  consideration  is  only  a  par- 
ticular facies. 

A  very  fine-grained  variety  of  the  hornblende-mica-diorite  is 

?uite  common  as  a  dike  rock  on  both  Montrose  and  Stony 
'oints.  In  many  respects  this  presents  a  resemblance  to  Rosen- 
busch's  group  of  dioritic  lamprophyres  or  kersantites,  and  yet 
its  extreme  ireshness  and  freedom  from  calcite,  the  frequently 
granular  form  of  the  feldspar,  and  the  association  in  nearly 
equal  proportions  of  biotite  and  green  hornblende  while  augite 
is  wholly  wanting,  separate  this  rock  from  any  of  the  many 
varieties  of  kersantite  described  in  Rosenbusch's  recent  work. 
The  fine-grained,  dark-gray  dikes  of  this  rock  may  be  most 
advantageously  seen  in  the  cuttings  on  the  West  Shore  Railroad 
through  and  near  Stony  Point.  Here  they  intersect  the  much 
contorted  schists,  the  peridotite  and  the  mica-diorite  and  afford 
the  evidence  upon  which  Professor  Dana  admitted  the  truly 
eruptive  nature  of  at  least  the  more  basic  members  of  the 
"Cortlandt  Series."*  These  dikes  are,  however,  shown  by 
the  microscope  to  belong  to  the  more  acid  rather  than  to  the 
more  basic  of  the  massive  rocks. 

Class  V.     Mica-Diorite. 

This  rock  is  more  uniform  in  its  character  than  any  other  of 
the  important  members  of  the  Cortlandt  Series.  It  is  in  all 
eases  essentially  a  rather  coarsegrained  aggregate  of  plagioclase 
and  biotite,  with  accessory  epidote,  apatite  and  magnetite ;  often 
a  little  orthoclase  and  quartz ;  and  sometimes  garnet.  The 
latter  mineral  is  an  endo-metamorphic  product,  and  is  to  be 
found  only  near  the  contact  with  the  schists. 

The  mica-diorite  occurs  only  in  the  south-western  part  of  the 
Cortlandt  area ;  on  the  east  side  of  the  Hudson  River  west  of 
Cruger's  station,  and  on  the  west  side  at  Stony  Point  (see  map 
in  my  paper  on  the  Cortlandt  Peridotite,  this  Journal,  Jan., 
1886,  p.  29). 

No  such  pure  type  of  mica-dioritef  has  ever,  to  my  knowl- 
edge, been  described  from  any  locality. 

*  This  Journal,  III,  xxviii,  p.  384,  Nov.,  1884. 

•f  Professor  J.  D.  Dana  called  this  rock  soda-granite,  (this  Journal,  III,  xx,  p. 
198),  and  later  hemi-dioryte,  (ib.,  xxv,  p.  47  8).  The  first  name  was  proposed  by 
Haughton  in  1856  to  designate,  as  it  still  does,  a  true  granite  in  which  the  soda 
is  in  excess  of  the  potash,  (cf.  A.  Gerhard,  Neues  Jahrb.  fur  Min.,  etc.,  1887,  II, 

Am.  Jour.  Sci. — Thied  Series,  Vol.  XXXV,  No.  210.— June,  1888. 
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I  have  as  yet  been  unable  to  secure  a  complete  analyst  of 
this  rock,  but  an  average  of  four  determinations  of  ita  (Dm 

SVes  58*94  per  cent    This  is  sufficient  of  itself  to  establish  the 
oritic  nature  of  the  rock. 

The  feldspathic  constituent  varies  considerably  in  compos* 
tion  as  may  be  seen  from  the  different  extinction  -  angles 
occurring  even  in  the  same  individual ;  nevertheless  a  number 
of  specific  gravity  determinationB,  lying  between  2-67  «»d  2-648, 
show  that  the  mineral  belongs  to  the  oligockae^rde^ 
series.  Some  of  this  plagiodase  is  notable  for  being  almort 
free  from  twinning  striatum.  This  is  especially  true  for  section 
No.  87,  from  Stony  Point,  whose  feldspar  was  particultrij 
studied.  In  other  cases  the  striatum  is  finely  displayed,  not 
'infrequently  according  to  both  the  albite  and  periclhae  laws.  A 
zonal  structure  is  common,  and  the  delicate  inclusions  described 
in  detail  in  the  feldspar*  of  the  norites,*  are  sometimei 
abundant  and  sometimes  absent. 

The  mica,  which  constitutes  the  only  other  oopontial  constit- 
uent of  these  rocks,  is  a  biotite  vwy  rich  in  iron.  Ita  absorp* 
tion  is  intense  and  basal  sections  are  only  translucent  when  very 
thin.  Their  color  is  then  a  greenish-brown.  The  optical  son 
is  so  small  that  it  is  impossible  to  determine  whether  the 
mineral  is  anomjte  or  meroxene.  The  mica  txratains  bo 
other  inclusions  than  magnetite  grains  and  apatite  needles. 
None  of  the  pleochroic  aureoles  so  common  in  the  granites  were 
observed. 

The  presence  of  orthoclase  was  not  positively  substantiated 
in  these  rocks.  An  unstriated  plagioclase  might  easily  be 
mistaken  for  orthoclase. 

Qnartz  occurs  sparingly  in  grains,  which,  from  their  allotrio- 
morphous  character,  were  evidently  the  last  product  of 
crystallization.  These  are  frequently  penetrated  in  every 
direction  by  the  minute  and  indeterminate  black  needles 
mentioned  by  Hawes,  Rosenbusch  and  others. 

Magnetite  is  universally  distributed.  Apatite  occurs  in  rare 
abundance,  size  and  perfection.  Sphene  and  zircon  are  often 
present,  and  epidote  of  somewhat  exceptional  character  is  very 
common,  especially  in  the  mica-diorite  from  Stony  Point  ThB 
mineral  is  of  a  pale  green  color,  without  pleochroism  and  its 

p.  267).  Prof.  Dana  objects  to  the  term  mica-diorite,  because  (1)  the  ongiial 
diorite  was  a  hornblende  rock  .and  (2)  because  hornblende  and  mica  are  widely 
different  minerals.  It  must,  however,  be  remembered  that  although  these  tvo 
minerals  are  co  different,  they  play  a  very  similar  r6le  in  rock-composition.  The 
name  mica-diorite  is  here  retained  because,  in  spite  of  all  objections  to  it,  it  has 
the  very  great  advantage  of  being  readily  intelligible  to  students  of  petrography 
the  world  over, — something  that  eanuot  be  said  of  any  other  term  which  might  he 
proposed  in  its  place. 

♦This  Journal,  III,  xxxiii,  p.  141,  Feb.,  1887. 
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dree  cannot  be  traced  in  the  alteration  of  any  older  constitu- 

t  It  is  generally  without 

rmi nation e    but    is    most 

markable  for  the  peculiar 

ten    or    corroded    aspect 

eeented    by  the  crystals, 

»  fie-)     These  are  often 

rided  into  the  most  com- 

icated  fret-work  of  inter- 


iking  tongues.  The  cleav< 
e  is  parallel  to  the  long  di- 
ction of  the  crystal,  and  the 
tinction  is  parallel  to  the 
savage  lines.  The  mineral 
shown  to  be  epidote  and 

*£giS$  Z     *-™^.-» 

itic  axes  is  perpendicular  to  the  cleavage  lines.  Twin  crys 
Is  of  this  epidote  occur  as  shown  in  the  figure. 
The  bright  red  garnet  crystals  which  are  so  often  found  in 
is  rock  are  most  frequent  near  the  edge  of  its  mass  and  are 
mbtless  an  endo-metamorphic  product. 
The  structure  of  the  mica-diorite  is  hyp-idiomorphous  in 
e  sense  of  Rosenbusca.  It  is  most  closely  connected  with 
e  diorite  proper,  into  which  it  grades  through  the  mica- 
•rnblenda-diontes  as  explained  above.  On  the  other  hand, 
passes  into  the  norites  through  the  group  of  the  mica-noritea* 
>me  of  these  rocks  contain  much  more  biotite  than  by  persthene, 
jsely  resembling  the  hyperethene-bearing  mica-diorite  from 
impo  Major  in  Portugal  described  by  Merianf  and  the  norite 
ries  of  the  Klansen  diorite  mass  described  by  Teller  and  von 
>hn.$  In  the  latter  rock  the  feldspar  has  also  been  shown  to 
long  to  the  andesine  series. 

Quartz- Mica- Diorite. — A  quite  exceptional  member  of  the 
aseive  rocks  of  the  "  Cortlandt  Series'  occurs  a  short  distance 
stward  of  Montrose  Station.  This  has  a  very  light  color 
ith  only  comparatively  rare  and  small  flakes  of  biotite  scat- 
red  through  it  It  forms  a  bed  of  moderate  thickness  within 
e  dark  massive  norite  against  which  it  ie  sharply  defined, 
e.,  there  is  here  nothing  like  a  gradual  transition  from  the 
ie  rock  to  the  other. 
Professor  Dana  has  described  this  rock  as  a  granitoid  mica- 

•This  Journal  III.  xuiii,  p.  191,  March,  1887. 

f  Neues  Jahrbuch  fur  Min.,  etc.,  Beit.  Bel.  Ill,  p.  232,  188E, 

X  Jahrb.  k.  k.  geol.  ReichaanHt.,  i«ii,  p.  689,  1882. 
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ceous  quartzite,*  but  a  careful  petrographical  study  of  it  shows 
that  it  is  a  massive  rock,  best  to  be  designated  as  a  porphyrin 
qnartzmicordiorite. 

Under  the  microscope  well-formed  crystals  of  feldspar  are 
seen  imbedded  in  a  rather  coarse-grained  groundmass  com- 
posed mostly  of  quartz  and  feldspar.  The  porphyritic  crys- 
tals possess  a  beautiful  zonal  structure  and  sometimes,  though 
not  commonly,  polysynthetic  twinning  striation.  No  porphy- 
ritic quartz  occurs. 

The  groundmass  is  a  mosaic  of  interlocking  grains  unlike 
the  structure  of  a  quartzite.  It  contains  biotite  and  epidote 
exactly  like  that  characteristic  of  the  mica-diorite  proper,  ex- 
cept that  their  amount  is  here  much  less.  The  feldspar  of  the 
groundmass  is  sometimes  striated.,  sometimes  not.  Specific 
gravity  determinations  made  with  the  Thoulet  solution  show 
all  the  feldspar  of  this  rock  to  be  plagioclase,  varying  between 
2*63  and  2*67.  This  renders  its  separation  from  the  quartz 
and  the  quantitative  determination  of  the  latter  impossible. 

This  rock  differs  from  the  mica-diorite  proper  only  in  its 
greater  amount  of  quartz  and  the  proportionately  smaller 
amount  of  biotite  and  epidote.  It  may  be  regarded  as  a  vari- 
ety of  the  former  rock  and  as  the  most  acid  type  of  the  whole 
"  Series,"  which  is  throughout  essentially  a  plagioclastic  one. 

We  have  now,  within  the  limits  of  this  and  of  mv  two  for- 
mer  papers  traced  out  the  following  types  of  basic  and  ultra- 
basic  rock  which  form  members  of  the  group  called  by  Pro- 
fessor Dana  the  "  Cortlandt  Series." 


Class  1.     Peridot  ite. 

1.  Hornblende  -  Peridotite 

(Cortlandtite). 

2.  Augite-Peridotite(Pikrite). 
Class  II.     Nor  it e. 

1.  Norite  proper. 

2.  Hornblendc-Norite. 

3.  Mica- Norite. 

4.  Augite-N'oritc  (Hyperite). 

5.  Pyroxenite. 
Class  III.     Gabbro. 

1.  Gabbro  proper. 

2.  Mica-Gabbro. 


Class  IV.     Diorite. 

1.  Brown-hornblende- Diorite. 

2.  Hornblendite. 

3.  Green  hornblende-Diorite. 

4.  Mica-IIornblende-Diorite. 
Class  V.     Mica-Diorite.    ("  So- 
da-granite,"   "  Heinidioryte," 

Dana.) 

1.  Mica-Diorite  proper. 

2.  Hornblendic  Mica-Diorite. 

3.  Hypersthenic  Mica-Diorite 

4.  Quartz-Mica-Diorite. 


In  spite  of  the  extent  to  which  the  subdivision  of  the  vari- 
ous types  has  been  carried  in  the  descriptions,  the  actual  vari- 
ety of  intermediate  or  transitional  forms  has  not  been  ade- 
quately represented.     In  order  to  show  more  completely  the 

*  This  Journal,  III,  rx,  p.  218,  Sept.,  1880. 
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Dumber  and  relationships  of  these  intermediate  members  and 
to  connect  all  the  various  types  together  in  one  geological  unit 
or  "  Series,"  the  following  diagram  has  been  constructed.     All 


IBLENDT 
.PEWDOTITEy 


Aufil*- 

BrnUend«-| 


AUCITE 
'ERID0TI1 


HontUn 


»r«un«' 


H*rnft)«n<4< 
Rock 


(Pyroxenitel 


DIORITE 


Augita- 
Diorite 


Gabbro 


GABBRO 


DioriU 


Oiorite 


* 

(HorribUndal 

/Hyp*rstHiB«i 

V  Gabbro  J 

HoribltndA 
Norirt  1 

AugiU-\ 

,  NoTitt/ 

r   Mid-  \ 
Harnblendt] 

norite] 

V  NotiIs  J 

NonieJ 

f  Mica-  * 
I  Gabbro  J 

Hor«tl«n4«\ 
HicaQtorUy 

/Hypers  tl#m 
^    ylica-ftwiW    / 

/mica  A 
UiORiTy 

/QKar!;-Mca-\ 
\   Dlorfre  / 

Audita- \ 
flica-Dtaikf 

Varieties  represented  in  the  circles  correspond  to  actual  speci- 
mens collected  within  the  Cortlandt  Area  and  many  others 
might  have  justified  a  still  more  minute  differentiation.  The 
ines  connecting  the  circles  indicate  the  directions  in  which  the 
>est  marked  transitions  take  place. 

These  rocks  present  an  admirable  example  of  what  are  called 
*ades  of  a  geological  unit  mass.  In  spite  of  their  great  petro- 
jraphical  variety,  they  are  everywhere  connected  by  transi- 
ional  forms  into  the  closest  relationship.  And  yet  we  need 
lot   regard  all  the  rocks  as  having  been  formed  simultane- 
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ously.  The  region  was  probably  for  a  long  time  the  scene  of 
eruptive  activity.  At  different  periods  different  types  may 
have  been  produced  which  broke  through  these  already  solidi- 
fied. The  quartz-mica-diorite  near  Montrose  Station  seems  to 
be  a  later  intrusion  into  the  older  and  more  basic  norite. 

This  will  conclude  what  the  writer  has  to  say  on  the  massive 
rocks  of  the  "Cortlandt  Series."  These  are  however  so  ex- 
tremely varied  that  their  study  can  hardly  be  said  to  be  more 
than  begun.  It  is  earnestly  hoped  that  some  one  may  in  future 
work  out  all  their  manifold  variations  and  relationships  more 
completely  than  the  writer,  at  such  a  distance  from  tne  field, 
has  been  able  to  do. 

Enough  perhaps  has  already  been  said  regarding  the  nature 
and  mode  of  occurrence  of  these  rocks  to  place  their  truly 
eruptive  nature  beyond  all  question ;  nevertheless  all  the  evi 
dence  bearing  on  this  point  may  be  more  advantageously  sum- 
marized at  the  conclusion  of  the  next  and  final  paper,  which 
will  deal  with  the  phenomena  of  contact  metamorpnism  pro- 
duced by  the  massive  rocks  in  the  adjoining  schists. 

Petrographical  Laboratory.  Johns  Hopkins  University, 
Baltimore,  Jan.  27,  1888. 
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Slope;  bv  W.  J.  McGee.* 

(Continued  from  page  :tvS.) 

litsunu. — The  Columbia  formation  consists  of  a  series  of 
subestuarine  and  submarine  deltas  and   associated  littoral  de- 

f)osits,  occupying  the  entire  Coastal  plain  of  the  Middle  At- 
antic  slope  up  to  altitudes  ranging  from  about  100  feet  in  the 
south  to  over  400  feet  in  the  north ;  the  delta  phase  found  at 
the  mouths  of  the  great  rivers  is  bipartite,  but  the  littoral 
phase  overspreading  the  rest  of  the  area  is  indivisible  ;  its  ma- 
terials— which  are  derived  largely  from  the  Potomac  formation 
and  other  local  terranes  and  partly  from  the  Piedmont  and 
Appalachian  regions — increase  in  coarseness  northward,  and 
are  (in  part)  evidently  ice-borne ;  it  reaches  greatest  volume 
along  the  principal  waterways  and  near  the  present  coast ;  it  is 
destitute  of  fossils  at  high  levels  and  in  its  lower  (and  ice- 
borne)  portion,  but  at  lower  levels  and  higher  horizons  yields 
remains  of  marine  animals  of  recent  and  local  species ;  it  is 
connected  with  an  extensive  series  of  shore-lines  and  terrace*; 

*  Plates  VI  and  VII  are  issued  with  this  number.  The  parenthetical  clause 
in  the  second  line  of  page  137  of  this  series  should  read  which  he  is  disposed  to 
refer  to  the  Jurassic. 
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and  the  deposits  and  shorelines  alike  pa§s  beneath,  and  are 
manifestly  far  older  than,  the  terminal  moraine. 

The  predominant  and  most  significant  phenomena  of  the 
formation  are  widespread  stratified  deposits  and  associated  ter- 
races; and  if  deposits  are  ever  proof  of  deposition,  and  if 
shore  lines  ever  tell  of  shores,  the  Coastal  plain  of  the  Middle 
Atlantic  slope  was  submerged  beneath  noe- bearing  oceanic 
waters  during  the  Columbia  period. 

Synopsis  of  Earlier  Studies. — While  the  isolated  deposits 
representing  it  have  not  been  correlated  hitherto,  and  while 
the  chronologic  and  taxonomic  relations  of  its  parts  were  never 
elucidated  by  local  observers,  the  formation  has  been  defined, 
and  its  genesis  recognized,  by  every  geologist  who  has  studied 
its  area. 

W.  B.  Rogers  was  one  of  the  first  to  locally  discriminate 
the  formation,  and  was  also  one  of  the  last  to  discuss  its  rela- 
tions: he  recognized  it  in  eastern  Virginia  in  1835,*  and  in 
1839  accurately  diagnosed  its  principal  characters  and  inferred 
that  it  was  formed  in  an  ocean  subjected  to  strong  tides  and 
currents  ;f  and  in  1875  he  described  it  as  developed  about 
Washington,  discriminated  it  from  the  newer  Mesozoic  (Poto- 
mac) gravels,  indicated  the  sources  of  the  coarser  materials, 
noted  its  increasing  coarseness  northward,  reiterated  his  infer- 
ence that  it  represents  a  period  of  submergence  sufficient  to 
fill  the  valleys  and  perhaps  flood  the  divides  of  the  Coastal 
plain,  and  inferred  further  that  it  was  formed  during  a  period 
of  cold  and  floating  ice  probably  coeval  with  the  ice  period  of 
the  north.! 

H.  D.  Rogers  recognized  the  formation  in  New  Jersey  in 
1836,  and  inferred  that  the  "sand  and  gravel"  of  which  it 
consists  was  of  sub-aqueous  origin  ;§  and  he  maintained  the 
same  inference  in  1840.  || 

In  1841  Booth  discriminated  the  formation  in  southern  Del- 
aware, enumerated  its  fossils,  recognized  its  marine  origin,  and 
referred  it  to  the  "after-Tertiary  age/'lf 

About  the  same  time  Conrad  classified  the  later  Tertiary 
deposits  of  the  Middle  Atlantic  slope,**  described  various  ex- 
posures of  the  stratified  beds  of  the  Columbia  formation  and 
enumerated  their  marine  fossils  (which  are  all  of  recent  and 
local  species),  and  referred  them  to  the  "  Pleistocene  or  post- 
Pliocene." 

*  Geology  of  the  Virginias,  1884.  29-30. 
t  Ibid.,  253,  264,  275. 

Ibid.,  709-13. 

Report  Geol.  Survey  of  N.  J.,  2d  ed  ,  1836,  17. 

Description  of  the  Geology  of  N.  J..  1840,  176. 
J  Mem.  Geol.  Survey  Del.,  1841,  94,  97. 
**  Bull,  of  Proceedings  of  Nat.  Inst,  for  Promotion  of  Sci.,  1841,  177,  et  seq. 
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Mather  recognized  the  formation  on  Long  Island  in  1843, 
enumerated  its  fossils,  referred  it  to  the  "  Long  Island  divis- 
ion ""  of  the  "  upper  secondary  system,"  *  attributed  it  to  a 
marine  current  flowing  northward  "  along  the  eastern  coast," 
and   inferred  from  the   paucity  of,  organic  remains  and  the 

Sresence  of   ice-borne  blocks  that   the   temperature  was  low 
uring  its  deposition. 

The  formation  attracted  LyelFs  attention  during  his  two 
vidts  to  this  country :  During  the  earlier  he  referred  to  the 
44  post-Pliocene  "  "  the  marine  shells."  of  eastern  Georgia  and 
South  Carolina,  which  "  differ  in  no  way  from  those  of  the  ad- 
joining sea,"  "  contained  in  deposits  of  clay  and  sand  "  over- 
lain in  some  places  by  dark  colored  clays  yielding  "  remains 
of  quadrupeds  of  extinct  species ;"  and  concluded  that  at  the 
time  of  deposition  the  land  stood  lower  than  now,  while 
the  temperature  of  atmosphere  and  ocean  were  little  different 
from  to-dav.f  During  the  later  he  discriminated  the  "low 
region  bordering  the  Atlantic  "  from  southern  Georgia  to  the 
Neuse  River  in  North  Carolina,  and  made  up  of  stratified 
sands  and  clays  yielding  recent  marine  shells  from  the  terraces 
of  Eocene  deposits  by  which  it  is  overlooked — the  low  plain 
rising  but  ten  to  forty  feet  above  tide  and  extending  only , 
twenty  miles  inland.:}: 

A  few  years  later  Tuomey  described  the  same  deposit  in 
South  Carolina  as  "sand,  clay  and  mud,  containing  fossils,  I 
sonic  sixty  feet  thick,'*  rising  eight  feet  above  tide  and  ex- 
tending only  enrht  <>r  nine  miles  inland,^  enumerated  its  fos- 
sils— which  are  all  marine  and  nearly  all  recent  and  local,  — 
and  referred  it  to  the  post-Pliocene. 

The  observations  of  Lyell  and  Tuomey  are  significant  in 
that  they  indicate  narrowing  and  lowering  of  the  formation 
southward. 

In  1852  Desor  reviewed  the  paleontology  of  the  formation 
as  developed  from  South  Carolina  to  Sancoty  Head  and  Point 
Shirley,  noted  that  the  fossils  are  k%  nearly  all  referable  to  liv- 
ing species''  and  that  the  deposit  occupies  only  a  narrow  zone 
rising  eighteen  feet  above  tide  in  the  south  but  widening: 
greatly  and  reaching  an  altitude  of  100  feet  northward,*!  ancl 
inferred  not  only  that  it  is  marine,  but  that  the  climate  was 
wanner  than  now  when  it  was  deposited.  He  classed  the 
formation  as  post-Pliocene,  and  correlated  it  with  the  u  Lauren- 
tian  "  of  Canada  and  Xew  England. 

♦Geology  of  X.  Y.,  Part  I,  1843,  246.  201-8,  274-5. 

f  Quart.  Jour.  Geol.  Soc  vol.  ii,  1846^  400-6. 

t  Second  Visit  to  the  U.  S..  X.  Y.  1855.  vol.  i,  256-61  ;  vol.  ii,  197. 

SGeolojry  of  South  Carolina.  1818.  186,  188.  212. 

1  n»id.,  2o?,-5. 

Vrins  Journal.    II.  1852.  50-3:    c.  f..  Proc.  Boston  Soc.  Nat  Hist.,  Ill,  1351, 
79;  Mem.  Boston  Soc.  Nat.  Hist.  1866-9.  252. 
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In  1860  Tyson  described  the  formation  as  "  beds  of  loamy 
clays  and  sands  "  (supposed  to  rise  only  thirty  feet  above  tide, 
but  represented  on  the  map  over  areas  of  much  greater  alti- 
tude) containing  a  few  marine  fossils  and  covering  a  consider- 
able portion  of  peninsular  Maryland,  concluded  that  "  it  con- 
sists of  sediments  derived  from  "  the  adjacent  Piedmont  and 
Appalachian  regions,  and  referred  it  to  the  post-Tertiary.* 

in  1867  Sanderson  Smith  pointed  out  that  the  gravel  and 
sand  beds  rising  fifteen  or  twenty  feet  above  tide  on  Gardiner's 
Island  contain  twenty-five  species  of  fossils,  of  which  all  but 
two  now  inhabit  the  Atlantic  waters  south  of  Cape  Cod — the 
general  facies  of  the  fauna  indicating  a  lower  temperature 
wan  the  present,  and  thus  disproving  Ivor's  hasty  inference 
of  warmer  climate.f  Veirill  more  recently  enumerated  about 
sixty  marine  species  (of  which  nearly  all  are  recent  and  found 
in  the  immediate  vicinity)  from  the  petrographically  similar 
and  paleontologically  equivalent  deposits  of  Sancoty  Head,  of 
which  those  from  the  lower  strata  indicate  warmer  and  those 
from  the  upper  strata  colder  climate  than  the  present — the  dif- 
ference being  attributed  to  local  geographic  changes.^ 

In  1868  Cook  described  the  formation  as  clean  quartz  peb- 
bles and  sand,  covering  the  whole  of  peninsular  New  Jersey 
up  to  altitudes  of  300  or  400  feet,§  designated  it  "Drift 
Gravel,"  mentioned  the  ''deltas"  and  "terraces"  of  which  it 
is  in  part  composed,  and  inferred  not  only  that  it  is  subaque- 
ous but  also,  from  walrus  remains  within  it,  that  the  period  of 
deposition  was  cold.  ||  Ten  years  later  he  designated  it  "  Yel- 
low Sand  and  Gravel,"T[  pointed  out  that  it  is  overlain  by,  and 
distinct  in  material  and  structure  from,  the  modified  and  un- 
modified drift  connected  with  the  terminal  moraine,  and  (find- 
ing difficulty  in  ascertaining  the  source  of  the  materials)  sug- 
gested that  "  it  is  a  wash  or  drift  from  lands  now  under  the 
waves  of  the  Atlantic."**  In  1880  he  described  the  deposit  in 
detail,  designated  it  "  Preglacial  Drift,"  showed  that  it  is  un- 
conformable to  the  glacial  drift  above  and  the  Cretaceous 
below,ff  and  repeated  his  inference  (but  only  as  a  "  possible 
hypothesis  ")  that  it  u  was  the  wash  from  land  to  the  southeast 
ana  now  buried  beneath  the  ocean,  and  took  place  in  the  later 
Tertiary  age  -"\%  and  in  1884  he  figured  a  bowlder  of  it,  ten 
tons  or  more  in  weight,  imbedded  in  the  glacial  drift.  §§ 

In  1868  Cope  recorded  reindeer  antlers  from  the  gravels  of 

♦First  Rep.  State  Ag'l  Chemist  of  Md.,  I860,  44. 
+  Ann.  Lye.  Nat.  Hist.,  N.  Y..  viii,  1867,  149-51. 

This  Journal,  III.  x,  1875,  364-9. 

Geology  of  New  Jersey,  227,  298,  242.  |  Ibid.,  285-342. 

'  Report  on  Clays,  1878,  17.  **  Ibid.,  20. 

ff  Report  Geol.  Survey  of  N.  J.,  1880,  87.  %%  Ibid.,  95,  96. 

gg  Report  Geol.  Survey  of  N.  J.,  1884,  16-17. 
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the  formation  in  New  Jersey,  and  enumerated  other  mammalia 
of  tlio  u  terrace  epoch  "  apparently  from  the  same  deposit  (at 
least  in  part),  including  E/^pAasprtmigeniuSj  Mastodon  gigan- 
teus,  Egmis  fratemuS)  E.  compticatxis,  Dicotyles  nasutus,  Cer- 
vus  Virgin  tana  and  (\  vaixadensis.* 

In  1875  Kerr  combined  and  referred  to  the  Quaternary  or 
post-PUocene  a  succession  of  clays,  sands,  gravels,  etc,  cover- 
ing the  Coastal  plain  in  North  Carolina  up  to  500  feet  above 
tide,  and  classified  them  as  "  Glacial,"  "  Champlain "  and 
"  Terrace,"f  finding  evidence  of  sub-aqueous  deposition  (1)  in 
structure,  (2)  in  "littoral  and  estuary  shells  undistinguishable 
specifically  from  those  now  living  along  the  shore,"!  and  (3)  in 
terraces,^  and  of  coeval  refrigeration  (1)  in  bowlders  and  (2) 
in  indications  of  soil-cap  movement  J  Further  investigation 
led  him  to  divide  the  deposits  into  Eocene^  and  undoubted 
Quaternary,  the  latter  rising  about  100  feet  above  tide  at  Wei 
don  and  elsewhere  in  the  northern  part  of  the  State,  but  in- 
clining southward  nearly  to  sea  level  on  Cape  Fear  River; 
and  he  inferred  from  the  presence  of  the  deposits,  their  struc- 
ture, and  their  fossils  of  recent  marine  species,  as  well  as  the 
terraces,  that  the  formation  was  laid  down  during  a  Quaternary 
submergence  "  to  the  extent  of  probably  200  feet "  on  the  Roa- 
noke, but  diminishing  to  only  a  few  feet  in  the  southern  part 
of  the  State.** 

Kerr's  later  work  is  important  in  that  it  harmonizes  and  ex- 
tends that  of  W.  R  Rogers  and  others  in  Virginia,  and  that  of 
Lyell  and  Tuomey  in  South  Carolina. 

In  1S79  Fontaine  incidentally  noted  certain  characters  of  the 
formation,  mentioned  its  unconformity  to  the  Mesozoic  and 
Tertiary  deposits,  recorded  its  presence  along  the  Potomac, 
.lames,  and  Roanoke  rivers  up  to  altitudes  of  60  feet,  and 
concluded  that  at  least  a  part  of  it  was  deposited  during  the 
Glacial  |>eriod  by  aqueo  glacial  agencies. ++ 

In  1SS0  Lewis  separated  the  superficial  deposits  of  Philadel 
phia  into  yl)  Rriek  ("lay,  (2}  Red  Gravel,  (3)  Black  Gravel. 
(4)  ^  ellow  (Travel  or  Philadelphia  Gravel,  (5)  Micaceous  Sand, 
and  (6)  l>o\vlders:**  and  later  in  the  same  year  he  combined 
the  second  and  third,  and  apparently  the  fifth  and  sixth,  of 
these  divisions  under  the  name  of  "Philadelphia  Red  Gravel" 
whieh  he  referred  to  the  Champlain,  and  identified  the  "Yel- 
low Graver'  of  New  Jersey  with  the  fourth    division    (then 

•  i5oo\\C>  of   New  Jorsov.  !>ri<\  740. 

♦  Uoport  i;«v:.  Survov  of  North  Carina,  I  1ST5.  154. 

t  IM  .  KO  £  l;-,;..  iw;,  ^nispriut  for  159  J  |  Hud..  i5S. 

I  ho   \pjw.:-a::   \   for:r..i::or.  was  not  discriminated  Hv  Kerr,  though  it  com- 
prises  tho  sroator  :\.r:  v-f  ;:.<>  .i^v>i:j  d-sorlt^i. 

•*.'o;::    Kl^V...,  M  :/-,v  s^e:i!.r.o  S.vietr.  ]<S4-.">.  Raleigh.  1*$.V  *3-;M. 

♦♦  I  .•.:<*  .V..-;* xv:  .  :>:.-*.  4'J-o.  .vi.  ;»4. 

II  Trvv    Av.io.    N*;.  Sv i .  V:  ;;Ad..  vol   xxx...  I>?0.  2^*2. 
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designated  "Glassboro  Gravel"),  which  he  referred  to  the 
Pliocene.*  The  next  year  he  concluded  more  specifically  (1) 
that  the  Yellow  Gravel  of  New  Jersey  u  is  an  ancient  deposit 
of  aqueous  origin,  made  at  a  time  of  submergence  in  pre-glacial 
times ";f  (2)  that  the  Red  Gravel  was  deposited  by  "an  ancient 
flood  of  the  [Delaware]  river  of  great  volume,  at  a  time  when 
it  rose  100  or  more  feet  higher  than  at  present,"  while  the  bowl- 
ders, the  absence  of  life  traces,  and, the  altitude  of  the  deposit 
"point  to  the  melting  of  a  great  glacier  as  the  origin  of  the 
flood ;"  and  (3)  that  the  brick  clay  with  its  contained  bowlders 
represents  the  closing  episode  of  the  same  submergence  when 

?[uiet  conditions  prevailed ; — low  temperature  being  again  in- 
erred  from  the  absence  of  fossils  and  the  presence  of  ice-borne 
bowlders.J  Still  more  recently  the  same  author  pointed  out 
that  the  Brick  Clay  and  Red  Gravel  rise  to  the  northward  in 
the  Delaware  and  Lehigh  valleys,  maintaining  a  height  of  180 
to  200  feet  above  the  rivers  ;§  and,  assigning  the  Yellow  Gravel 
to  the  newer  Pliocene,  supposed  it  to  have  furnished  most  of 
the  pebbles  of  the  Red  Gravel. 'j 

In  northern  Delaware  the  Philadelphia  Brick  Clay  and  Red 
Gravel  of  Lewis  were  found  by  Chester  to  merge  southward, 
and  he  combined  them  under  the  name  u  Delaware  Gravels,"^ 
and  inferred  that  they  represent  an  epoch  of  land-submergence 
and  melting  glaciers.  Subsequently  he  described  the  gravels, 
sands,  clays,  etc.,  of  the  same  formation  in  southern  Delaware, 
identified  them  with  those  mentioned  by  Booth,  noted  the 
occurrence  of  recent  marine  shells  within  them,  designated  the 
deposit  "  Estuary  Sands,"**  and  demonstrated  from  stratigraphic 
continuity,  from  petrography,  and  from  paleontology,  that  it  is 
simply  the  peripheral  extension  of  that  which  toward  its  center 
is  divisible  into  Brick  Clay  and  Red  Gravel. 

Merrill  has  recently  described  and  correlated  the  formation 
as  found  in  peninsular  New  Jersey  and  on  Long  Island.  He 
regards  the  New  Jersey  deposit  as  post  Pliocene  (since  it  over- 
lies unconformably  "all  the  Mesozoic  and  known  Tertiary 
beds,  and  is  immediately  overlain  in  turn  by  the  glacial  drift 
where  it  occurs  south  of  the  moraine"), ft  and  identifies  it  with 
the  stratified  deposits  of  Gardiner's  and  Long  Islands ;  and  on 
Long  Island  he  discriminates  (1)  the  Till  or  Drift  proper  and 
(2)  the  Gravel  Drift — identifying  the  latter  with  the  x  ellow 
Drift  or  Pre-glacial  drift  of  southern  New  Jersey:^  and  noting 

*  Proc.  Acad.  Nat.  Sci.  Philad.,  vol.  xxxii,  1880,  296^7. 

•f  ADtiquity  and  Origin  of  the  Trenton  Gravels,  appended  to  "  Primitive  Indus- 
try "  by  Abbott,  1881,  524.  i  Ibid.,  525,  527. 
§  Journal  Franklin  Institute,  xcv,  1883.  369.  |  Ibid.,  371. 
«[  This  Journal.  II T,  vol.  xxvii,  1884,  190-2,  199. 
**  This  Journal,  III,  vol  xxix,  1885.  40. 

!f  Official  Report  Geol.  Survey  of  X.  J.,  1886,  133. 
%  Annals  N.  Y.  Acad,  of  Sci..  iii,  1886,  343. 


464:  W.  J.  McGee— Three  Formation*  of 

the  unconformable  superposition  of  the  former  upon  it, — enu- 
merates the  fossils  from  the  older  deposits,  and  on  their  testi- 
mony refers  it  to  the  post-Pliocene  and  correlates  it  with  the 
fossiliferous  beds  of  Sancoty  Head,  and  concludes  that  it  was 
"formed  by  swift  currents  which  carried  along  fine  and  coarse 
deposits  together."* 

In  1884  Britton  pointed  out  (1)  that  the  Yellow  Gravel  of 
Staten  Island  and  adjacent  New  Jersey  is  "  a  water  deposit 
known  to  underlie  the  glacial  drift,"  masses  of  it  being  i%  im- 
bedded in  the  moraine/'  and  (2)  that  it  reaches  altitudes  of  200 
feet,f  while  the  terraces  connected  with  the  terminal  moraine 
rise  only  25  or  30  feet  above  tide.:}:.  He  subsequently  followed 
Cook  in  designating  the  formation  "  Pre-Glacial  Drift,"  noted 
that  it  uis  distributed  along  the  Atlantic  Border,  from  the 
coasts  of  the  Southern  States  northward  to  the  moraine,  which 
it  underlies  unconformably,"  mentioned  its  unconformity  to 
the  Miocene,  enumerated  the  fossil  plants  (mostly  recent  and 
local)  obtained  from  it  at  Bridgeton,  N.  J.,  and  inferred  (1) 
that  it  is  u  later  Pliocene  or  Pleistocene "  in  age,  and  (2)  that 
"  a  considerable  amount  if  not  the  greater  part"  of  the  deposits 
"may  well  have  come  from  the  erosion  of  the  Cretaceous 
gravel  beds"  along  the  Piedmont  margin§ — his  enumeration 
and  interpretation  of  the  local  phenomena  being  alike  emi- 
nently satisfactory. 

Reviewing  the  observations  of  these  geologists,  it  appears 
(1)  that  the  Rogers  brothers,   Booth,  Conrad,  Mather,  Lyell, 
Tuomey,  and  Desor  found  a  series  of  stratified  sands  and  clays, 
containing  recent  marine  shells,  rising  and  expanding  from  a 
few  feet  above  tide  and  a  few  miles  in  width  in  South  Caro- 
lina, to  over  100  feet  in  altitude,  and  scores  of  miles  in  width 
in  the  northern  Coastal   plain,  the  fauna  being  closely  related 
to  or  identical  with  that  of  Gardiner's  Island,  Sancotv  Head, 
Shirley  Point,  and  other  obscure  infra-moraine  deposits  along 
the  Jsew  England   coast;    (2)  that  these  deposits  have  been 
shown  by  W.  B.  Rogers,  Tyson,  Kerr  and  Chester,  on  the  evi- 
dence of  stratigraphic  continuity,  unity  of  structure,  and  iden- 
tity of  terraces,  to  extend  to  the  inland  margin  of  the  Coastal 
plain  ;  (3)  that  Chester  has  identified  the  phenomena  and  in 
some  cases  the  localities  described  by  Tyson  and   Booth,  and 
shown  that  the  brick  clays  and  red  gravels  of  the  Delaware 
fall-line  are  stratigraphically  continuous  and  homogenetic  with 
the  fossil  if  erous  marine  deposits  recognized  along  the  coast  by 
the  older  geologists ;  (4)  that  Lewis  has  established  the  identity 
(in  part)  of  the  Philadelphia  deposits  with  the  gravels  shown 

*  Annals  N.  Y.  Acad.  Sci..  Hi,  188G,  354-8. 

f  Proc.  Nat.  Sci.  Assn.  of  Staten  Island,  Nov.  8,  1884. 

t  Ibid.,  April  10,  1886. 

§  Trans.  N.  Y.  Acad.  Sci.,  iv,  1884-5  (1887),  26-33. 
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by  H.  D.  Rogers  and  Cook,  to  overspread  peninsular  New 
Jersey;  (5)  that  the  identity  of  the  New  Jersey  gravels  with 
the  stratified  deposits  of  Gardiner's  Island,  Long  Island,  San- 
coty  Head  and  Shirley  Point  has  been  satisfactorily  shown 
upon  paleontologic  grounds  by  Desor,  Sanderson  Smith,  Verrill, 
Merrill  and  Britton ;  and  (6)  that  the  series  of  deposits  has 
been  shown  by  Cook,  Merrill,  Britton  and  others,  to  pass  be- 
neath the  terminal  moraine  and  its  derivatives.  In  short,  col- 
ligation of  all  recorded  observations  indicates  that  the  entire 
Coastal  plain  of  the  Middle  Atlantic  slope  is  occupied  by  a 
series  of  stratified  deposits,  abounding  in  bowlders  and  coarse 
gravel  along  the  fall-line  and  bearing  recent  marine  fossils 
toward  the  coast,  which  are  overlain  unconformably  by  the 
terminal  moraine  in  the  north. 

Reviewing  the  inferences  of  the  same  students  as  to  the 
genesis  and  age  of  the  formation  it  appears  (1)  that  all  consider 
it  subaqueous;  (2)  that  the  Rogers  brothers,  Booth,  Conrad, 
Mather,  Lyell,  Tuomey,  Desor,  Tyson,  Sanderson  Smith,  Ver- 
rill, Cook,  Kerr,  Chester,  Merrill,  Britton,  and  perhaps  others 
hold  it  to  be  marine ;  (3)  that  W.  B.  Rogers,  Sanderson  Smith, 
Cook,  Cope,  Kerr,  Fontaine,  Lewis,  Chester,  and  others  be- 
lieve it  was  deposited  during  a  period  of  low  temperature ;  (4) 
that  all  refer  it,  wholly  or  in  part,  to  the  later  Tertiary  or 
Quaternary ;  and  (5)  that  Cook,  Merrill  and  Britton  regard  it 
as  pre  glacial. 

The  several  observations  and  inferences  are  in  accord  with 
those  recorded  above,  and  are  here  generalized  only  to  corrob- 
orate conclusions  reached  independently  after  personal  study 
(chiefly  along  the  inland  margin  of  the  formation)  in  North 
Carolina,  Virginia,  the  District  of  Columbia,  Maryland,  Dela- 
ware, Pennsylvania,  New  Jersey  and  New  York. 

Taxonomy. — The  local  relations. — By  stratigraphic  position 
and  paleontology  the  Columbia  formation  is  proved  to  be 
newer  than  any  of  the  recognized  Tertiaries  of  the  Middle 
Atlantic  slope,  and  its  fauna  is  of  modern  facies.  It  therefore 
appears  to  be  Quaternary  or  Pleistocene  in  age. 

By  (1)  stratigraphic  relations,  (2)  amount  of  erosion,  and  (3) 
degree  of  alteration,  the  formation  is  proved  to  be  much  older 
than  the  terminal  moraine  or  the  drift  sheet  whose  margin  it 
marks: 

1.  In  the  valleys  of  the  Susquehanna  and  Delaware  the  ter- 
minal moraine  is  superimposed  upon  Columbia  terraces  and  in 

Eart  composed  of  Columbia  materials;   and  similar  relations 
ave  been  repeatedly  observed  in  New  Jersey  by  Cook,  on 
Staten  Island  by  Britton,  and  on  Long  Island  by  Merrill. 

2.  A  rough  quantitative  measure  oi  the  relative  antiquity  of 
the  two  deposits  is  found  in  the  erosion  they  have  suffered. 
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On  the  upper  Susquehanna  the  post-Columbia  and  pro-moraine 
erosion  sufficed  to  excavate  a  valley  from  one  to  two  miles 
wide  and  200  feet  deep,  while  the  poet-moraine  erosion  has 
scooped  out  a  valley  only  a  quarter  of  a  mile  wide  and  Um 
than  100  feet  in  average  depth ;  and  similar  relations  obtain 
on  the  upper  Delaware.  Along  the-  fall-line  the  poet-Columbia 
erosion  is  measured  by  the  gorges  of  the  riven  between  their 
falls  and  their  embouchures  into  estuaries,  just  as  the  post- 
moraine  erosion  is  measured  by  the  gorges  of  the  drift-covered 
area;  and  the  Potomac  and  the  Niagara  are  among  the  most  sat- 
isfactory of  these  chronometers.  Sow  since  the  emergence  of 
the  land  from  the  Columbia  ocean,  the  falls  of  the  Potomae  have 
receded  through  an  obdurate  terrane  from  West  Washington  to 
Great  Falls,  a  distance  of  fifteen  miles,  while  the  Niagara, 
under  conditions  favoring  gorge  excavations,  has  receded  only 
seven  miles  since  the  last  ioe-sheet  withdrew  beyond  its  lati- 
tude ;  and  the  contrast  is  still  more  striking  in  scores  of  other 
cases.  The  difference  is  exemplified  by  the  smaller  streams  aa 
well  as  by  the  larger,  and  equally  by  the  minor  topographic 
configuration — the  hydrography  of  the  Columbia  being  ma- 
ture, while  that  of  the  superimposed  drift  is  nascent,  and  die 
Columbia  surfaces  being  everywhere  deeply  furrowed  and  of 
ancient  aspect,  while  the  drift  and  Ohamplain  surfaces  are 
relatively  little  touched  by  time.  In  short,  when  post-moraine 
erosion  is  measured  in  yards,  post-Columbia  erosion  must  be 
measured  in  rods. 

3.  The  moraine  is  seldom  completely  oxidized  and  lixiviated, 
and  its  rocks  are  seldom  disintegrated ;  but  where  equally  ex- 
posed the  Columbia  deposits  are  profoundly  oxidized,  lixiv- 
iated and  ferruginated,  and  most  of  its  non-siliceous  rocks  are 
disintegrated,  while  the  materials  are  frequently  cemented  not 
only  by  ferruginous  but  also  by  siliceous  and  calcareous  matter. 
The  widely  diverse  degrees  of  alteration  in  the  two  deposits 
everywhere  serves  as  a  criterion  by  which  they  may  be  distin- 
guished. 

In  brief,  the  various  phenomena  of  the  Columbia  formation 
proves  that  while  it  represents  an  epoch  of  cold  and  submer- 
gence, it  is  many  times  as  old  as  the  moraine-fringed  drift  by 
which  it  is  unconformably  overlain.  It  is  noteworthy,  too, 
that  the  volume  of  Columbia  deposits  is  several  times  greater 
than  the  volume  of  corresponding  deposits  of  the  later  ice- 
epoch,  indicating  that  the  earlier  refrigeration  was  much  the 
longer ;  and  it  is  equally  noteworthy  that  the  later  drift  over- 
lap far  upon  the  earlieraqueo-glacial  deposits,  indicating  that 
the  later  cold  was  the  more  intense. 

The  general  relations.— A  presumably  complete  sequence  of 
Quaternary  deposits  and  of  the  events  they  represent  has  been 
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made  out  in  the  Great  Basin.  In  1878  Gilbert  described  the 
sediments  of  the  extinct  lake  Bonneville,  recorded  the  infer- 
ence that  the  prevailing  arid  climate  of  the  Great  Basin  was  in- 
terrupted by  a  period  of  humid  climate  during  which  its  moun- 
tain-enclosed basins  were  flooded  and  the  lacustral  sediments  of 
Bonneville  deposited,  and  correlated  the  humid  epoch  with 
that  of  northern  glaciation  ;*  and  he  subsequently  pointed  out 
that  the  humid  epoch  was  brief  and  apparently  "  an  episode 
occurring  in  the  later  part  of  a  long  period  of  aridity,  f  In 
1878,  King  called  attention  to  the  sediments  and  chemical  pre- 
cipitates of  the  ancient  lake  Lahontan,  and,  avoiding  detailed 
discussion  of  the  former,  conceived  the  latter  phenomena  to 
record  (1)  flooded  and  free-drained  condition  of  the  lake-basin, 

(2)  shrinking  and  concentration  of  the  waters  and  final  desicca- 
tion of  the  basin  with  formation  of  the  precipitate  gavlussite, 

(3)  re-flooding  of  the  basin  for  a  long  period  during  which  the 
soluble  salts  were  washed  away  and  the  gaylussite  changed  into 
thinolite  by  pseudomorphosis,  and  (4)  partial  desiccation  pro- 
ducing present  conditions.  This  sequence  was  regarded  as 
partly  coincident  with  and  partly  supplementary  to  that 
deduced  by  Gilbert  from  the  Bonneville  phenomena ;  it  was 
inferred  that  there  was  "a  period  of  humidity  anterior  to  Gil- 
bert's earliest  age  of  dryness "  which  was  "  enormously  longer 
than  [the  period  of  humidity]  in  the  second  age  of  desicca- 
tion ;"  and  the  first  of  these  humid  periods  was  correlated  with 
"  the  earliest  and  greatest  Glacier  period,"  and  the  second  with 
"the  later  Reindeer  Glacier  period.":}:  Gilbert  later  found 
evidence  in  the  sediments  of  the  Bonneville  basin  not  only  of 
a  long  humid  period  antedating  that  previously  recognized  but 
also  of  a  much  longer  arid  period  preceding  it,  and  concluded 
that  the  sequence  of  deposits  represents  a  climatic  sequence  of 
"two  humid  maxima  separated  by  an  interval  of  extreme  aridity," 
the  second  humid  maximum  being  the  more  pronounced  and 
the  first  the  longer.§  Still  later  and  after  extended  investiga- 
tion, Russell  found  the  sediments  and  precipitates  of  lake  La- 
hontan to  yield  alike  a  record  coincident  with  that  of  the  Bon- 
neville deposits,!  save  that  the  intermediate  epoch  of  aridity 
was  lengthened  and  some  minor  vicissitudes  were  introduced. 
He  ascertained  from  the  continuity  of  shore-lines  and  other 
evidence,  however,  that  Lahontan   did   not  overflow  during 

♦Bull.  Philos.  Soc.  of  Wash.,  vol.  i,  1874,  84-85;  Progress  Rep.  Geog.  and 
Geol.  Surveys  West  of  100th  Merid.T  for  1872,  1874.  49-50. 

f  Rep.  Geog.  and  Geol.  Surveys  West  of  100th  Mend.,  vol.  iii,  Geology,  1875, 
96-97. 

U.  S.  Geol.  Expl.  40th  Parallel,  vol.  i,  Systematic  Geology,  1878,  522-4. 
Second  Annual  Rep.  U.  S.  Geol.  Survey,  1880-1,  1882,  186-200. 
Third  Ann.  Rep.  U.  S.  Geol.  Survey,  1881-2,  1883,  221-231 :  and  Monograph 
tJ.'S.  Geol.  Survey,  vol.  x,  Geol.  History  of  Lake  Lahontan,  1885,  261-263. 
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either  flood  stage,  and  read  from  the  precipitates  a  record  of 
(1)  flooded  condition  of  the  basin  without  free  drainage,  (2] 
shrinking  and  concentration  of  the  waters  and  precipitation  of 
lithoid  tufa  (which  was  overlooked  by  King),  (3)  spasmodic 
reflooding  of  the  basin  and  successive  precipitation  of  (a)  the 
mineral  now  pseudomorphosed  into  thinolite  and  (b)  dendritic 
tufa  (also  overlooked  by  King),  and  (4)  shrinking  of  the  waters 
to  below  present  level,  followed  by  a  slight  re-advance.*    This 
sequence  of  events  is  quite  inconsistent  with  that  deduced  by 
King,  and  it  thus  appears  that  the  coincidence  in  interpretation 
of  the  Lahontan  precipitates  by  King  and  Russell  respectively 
is  no  more  than  curiously  fortuitous,  and  adds  nothing  to  the 
weight  of  opinion  of  either  investigator  nor  to  the  reliability 
of  the  history  inferred  from  other  phenomena.     But  there  is  a 
definite  sequence  of  deposits  in  the  Great  Basin  indicating  a 
definite  sequence  of  events  (and  the  testimony  of  these  deposits 
is  corroborated  by  the  shore-lines  and   by  the  precipitate  as 
interpreted  by  Russell),   viz :   (1)  basal  gravels,  representing 
long-continued   arid   climate;    (2)   lower  lacustral    beds;   (3) 
medial   gravels ;    (4)   upper  lacustral   beds ;    and    (5)  recent 
gravels,  etc. ;  and  the  two  lacustral  periods  are  correlated  by 
Gilbert  and   Russell  with  two   vaguely  defined    periods  olf 
northern  glaciation.f 

A  fairly  complete  sequence  of  glacial  and  aqueo-glacial 
deposits  in  Iowa  and  northern  Missouri  affords  a  record  of  the 
early  Quaternary  history  of  the  central  Mississippi  valley.  It 
was  pointed  out  by  the  writer  in  1878,  and  again  in  1879,  that 
the  bipartition  of  the  glacial  deposits  and  the  intercalation  of 
a  forest  bed  within  them  in  Iowa  indicate  two  ice  invasions 
separated  by  a  long  interglacial  period; J  in  1880  it  was  made 
known  that  the  lower  glacial  deposit  (or  till)  graduates  upward 
into  a  series  of  stratified  clays  and  extends  much  farther  south- 
ward than  the  upper,  which  is  associated  with  or  graduates 
upward  into  loess  ;§  in  1882  it  was  shown  that  the  loes?  is 
overlain  by  a  third  drift  sheet,  probably  connected  with  the 
terminal  moraine ;[  and  recent  investigations  have  shown  that 
the  stratified  upper  member  of  the  lower  till  (locally  known  as 
u  gumbo")  not  only  bears  unmistakable  structural  evidence  of 
aqueous  deposition  but  exhibits  in  its  topographic  configura- 
tion evidence  of  submergence  of  an  extended  area  in  Nebraska, 

*  Op.  cit.  (2),  2:16. 

f  While  the  lacustral  deposits  of  the  Great  Basin  are  regarded  as  Quaternary 
by  every  stratigraphist  and  physical  geologist  who  has  investigated  the  subject, 
they  have  been  referred  to  the  Tertiary  upou  paleontologic  grounds  by  Cope  (Am. 
Naturalist,  vol.  xxi,  1887,  458-9)  aud  perhaps  others. 

X  This  Jour.,  III.  vol.  xv,  1878,  3 39-41 ;  Troc.  Am.  Ass'n  for  Adv.  of  Set, 
vol.  xxvii,  1878,  198-231  ;  Geol.  Magazine,  N.  S.,  vol.  vi,  1879.  353-361,  412^*20. 

S  Trans.  Iowa  llort.  Society,  1 880. 

1  This  Journal,  III,  vol.  xxiv,  1882,  222. 
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nsas,  Missouri,  southern  Iowa,  Illinois,  Indiana  and  south- 
item  Ohio,  and  indeed  appears  to  be  a  continuation  of  the 
t  Hudson  formation  of  the  lower  Mississippi  as  defined  by 
gard,  thus  indicating  that  during  the  earlier  period  of  cold 
central  Mississippi  valley  was  submerged — the  far  greater 
iquity  of  the  earlier  till  and  u  gumbo "  than  of  their  later 
aologues  (the  upper  till  and  loess)  being  indicated  by  the 
arvening  forest  bed,  by  the  greater  disintegration  and  ferru- 
ition  oi  the  older  materials  and  by  the  far  greater  degrada- 
i  beyond  the  limits  of  the  newer  deposits,*  while  there  is 
eh  less  indication  of  considerable  lapse  of  time  after  the 
osition  of  the  loess  and  before  the  deposition  of  the  super- 
»nt  moraine-fringed  drift-sheet.  So  the  Iowa-Missouri 
aence  in  historic  order  is,  (1)  first  glacial  drift  (basal  till) 
ring  upward  into  waterlaid  clays  with  erratics  ("  gumbo  "), 
great  unconformity  and  forest  bed,  (3)  second  till  passing 
rard  into  or  overlain  by  loess,  (4)  inconspicuous  unconfor- 
y,  and  (5)  third  till  apparently  connected  with  the  terminal 
•aine. 

Jhe  glacial  phenomena  of  Northern  United  States  have  been 
H>rately  investigated  by  Chamberlin  and  found  to  contain  a 
nite  record  of  the  events  constituting  the  glacial  history  of 
continent.  His  allocation  of  leading  episodes  in  the  his- 
c  order  is  as  follows : 


JSpochs.  Bubepochs  or  episodes, 

•ansition  epoch.    Not  jet  satisfactorily 

distinguished     from 


Attendant  or  characteristic  phenomena. 


Earlier  gla- 
cial epoch. 


the  Pliocene. 

f  Drift  sheet  with  attenuated  bor- 

First    subepoch   or    epi-  J      der ;    absence  or  meagerness  of 

sode.  ]      coarse   ultra-marginal   drainage 

I     drift. 
Interglacial  subepoch  or  j  Decomposition,    oxidation,    ferru- 
episode  of  glaciatioo.     '      gpnation ;   vegetal  accumulation. 

Second  subepoch  or  epi- 
sode. 


Chief  interglacial  epoch 


or    sub- 


'  First    episode 

epoch. 
Episode  of  deglaciation. 


1 


Drift  sheet  with  attenuated  bor- 
der ;    loess   contemporaneous 
with  closing  stage. 
Elevation  of  the  Upper  Mississippi 
region  1,000  ±  feet.     Erosion  of 
old  drift,  decomposition,  oxida- 
tion, ferrugination,  vegetal  accu- 
mulations 
j  Till  sheet  bordered  by  the  Kettle 
{      or  Altamoot  moraine. 
Vegetal  deposits 

Second  staKe  or  subepocbJ'™  *•*  bontowd  by  the  Ga,7 

r         (      moraiue. 

Episode  of  deglaciation. 

Third  episode \  ™  *>ord<f  red  by  the  Antelope  mo- 

r  '  (      raine. 

TAter  stacks  i  Marked  by  terminal  moraines  of 

.Later  stages ^      undetermined  importance. 

*  Trans.  St.  Louis  Academy  of  Sciences  (in  press). 

i.  Joub.  Scl— Third  Sbribb,  Vol.  XXXV,  No.  210.— June,  1888 
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Epochs. 


V.  Champlain  epoch 


VI.  Terrace  epoch 


Attendant  or  characteristic  phenomena. 
Marine  deposition  in  the  Cham- 
plain and  Saint  Lawrence  val- 
leys and  on  Atlantic  border; 
lacustrine  deposits  about  the 
Great  Lakes. 
[Marked  by,  fluvial  excavation, 
notably  of  the  flood  plains  of 
second  glacial  epoch. 


\ 


t 


When  juxtaposed,  the  Middle  Atlantic  slope  and  Great  Ba- 
sin sections  are  exactly  coincident,  save  (1)  that  the  Cham- 
plain  clays  of  the  east  are  unrepresented  in  the  west,  and  (2) 
that  the  duration  of  the  interglacial  epoch  appears  the  greater 
in  the  east :  there  is  not  only  the  same  general  succession  of 
events  (cold-wet,  warm-dry,  cold-wet,  the  whole  preceded  and 
followed  by  warm-dry),  but  in  each  case  the  earlier  period  of 
cold  and  wet  was  the  longer  and  the  cold  and  wet  of  the  later 
the  more  intense ;  and  since  the  climatic  episodes  attested  by 
the  phenomena  in  either  case  were  so  extreme  as  to  indicate 
that  they  were  continental  in  extent,  the  two  series  of  deposits 
may  6afely  be  correlated.  The  discrepancies  are  insignificant, 
(1)  because  it  is  evident  that  the  Champlain  epoch  of  the  east 
must  have  been  represented  in  the  west  by  simple  continuation 
of  preceding  conditions,  and  (2)  because  the  testimony  as  to 
the  duration  of  the  interglacial  epoch  is  much  more  complete 
and  satisfactory  in  the  east  than  in  the  west. 

Difficulty  is  encountered  in  juxtaposing  the  Mississippi  Val- 
ley section  with  the  foregoing,  since  Chainberlin's  fruitful  in- 
vestigations have  convinced  him  that  the  longer   interglacial 
epoch  occurred  posterior  to  the  deposition  of  the  loess  and  the 
till  with  which  it  is  associated  ;  while  the  writer's  observations 
in   Iowa,   Missouri,  and  neighboring  states  indicate  that  the 
a-glacial   epoch    following   the   loess    period    was    of    limited 
length  and   represents  only  a  temporary  oscillation   in  the  ice 
sheet,  and  that  the  interglacial  period  proper  occurred  anterior 
to  the  deposition  of  the  second   till   and   its  associated  loess. 
Under  either  interpretation,  however,  the  section  is  fairly  con- 
sistent with  those  of  the   Great  Basin  and   Middle   Atlantic 
slope ;  as  interpreted   by  Chamberlin  the  short  a-glacial  epoch 
of  the  earlier  period  of  refrigeration  might  well  be  regarded  as 
indicating  but  a  temporary  oscillation  of  the  ice  sheet  unaccom- 
panied by  appreciable  change  in  altitude  or  in   conditions  of 
aqueo-glacial   deposition ;    while  under  the  writer's  interpreta- 
tion the  complexity  of  the  later  record  is  attributable  chiefly  to 
its  accessibility  and   to  the  care  with  which  it  has  been  deci- 
phered, for,  despite  the  greater  number  of  divisions  recognized 
in  the  later  series,  it  is  less  important  than  the  earlier  as  meas- 
ured either  by  volume  of  derived  aqueo-glacial  deposits  or  by 
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contemporaneous  erosion.  Space  would  not  permit  discussion 
of  the  data  upon  which  the  conflicting  opinions  rest,  even  if 
discussion  were  desirable ;  but  the  difference  of  view  is  simply 
an  effect  of  intellectual  perspective  which  shows  to  each  inves- 
tigator in  exaggerated  proportion  the  phenomena  which  he 
has  most  closely  scrutinized,  and  will  disappear  with  continued 
observation. 

The  juxtaposed  sections  are  exhibited  in  the  accompanying 
table. 

It  maybe  pointed  out  that  the  succession  of  deposit  in  the  Mis- 
sissippi V  alley,  as  interpreted  in  the  third  column  of  the  table 
coincides  almost  exactly  with  the  sequence  recognized  by 
Penck  in  the  German  Alps,  where  the  succession  in  historic  or- 
der is  (1)  glacial  drift,  (2)  an  enormous  accumulation  of  torren- 
tial gravels,  now  commonly  ferruginated,  cemented  and  deeply 
eroded,  (3)  a  second  glacial  deposit,  (4)  a  less  accumulation  of 
torrential  gravels,  with  alluvium,  laminated  clays,  lignite,  etc., 
and  (5)  a  third  glacial  deposit,  found  only  at  considerable  alti- 
tudes in  the  mountains.* 

Recapitulation. — In  short  the  Columbia  formation  under- 
lies and  is  several  times  older  than  the  moraine-fringed  drift- 
sheet  of  northeastern  United  States ;  it  is  apparently  the  aqueo- 
glacial  margin  of  a  drift-sheet  largely  concealed  or  obliterated 
m  the  northern  Atlantic  slope ;  it  appears  to  be  equivalent  to 
the  lower  lake  beds  of  the  Great  Basin,  to  the  basal  till  and 
"gumbo"  of  Missouri,  to  (probably)  the  Port  Hudson  of  Mis- 
assippi,  and  to  (perhaps)  the  lowest  glacial  deposits  of  the 
Alps ;  and  while  the  vertebrates  of  its  correlatives  suggest  that 
it  is  Pliocene,  both  stratigraphy  and  invertebrate  fossils  prove 
that  it  is  Quaternary. 

It  should  be  added  that  the  conjoined  phenomena  of  the 
Middle  Atlantic  slope  and  the  Mississippi  Valley  indicate  the 
respective  areas  of  the  earlier  and  later  ice  sheets :  In  the  east 
the  earlier  extended  the  farther  as  shown  by  the  superposition 
of  the  newer  moraine  upon  the  older  aqueo-glacial  deposits ; 
but  whether  the  earlier  glacier  formed  no  moraine,  whether 
there  was  an  earlier  moraine  perhaps  coincident  with  the  drum- 
lin  zone  passing  through  central  Massachusetts  and  New  York, 
or  whether  the  earlier  drift  was  obliterated  by  the  later  glacia- 
tion,  remains  to  be  determined.  In  Iowa,  Missouri  and  south- 
ern Illinois,  on  the  other  hand,  the  earlier  ice  sheet  extended 
fully  one  hundred  miles  farther  southward  than  the  later,  and, 
having  evidently  terminated  in  the  waters  of  the  expanded 
-Gulf  or  of  an  inland  lake,  its  limit  is  not  marked  by  a  terminal 
moraine.     A  hypothetic  explanation  of  this  discrepance,  based 

*  Die  Vergletacberuog  der  Deutschen  Alpen,  1882,  239,  Tabelle  II,  etc. 
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ell-known  phenomena  of  the  respective  regions,  is  not  far 
ek :  In  the  east  the  ice  was  thick  and  moved  energetically, 
ghing  up  subjacent  deposits  and  scoring  subjacent  rocks, 
quickly  reached  the  line  of  equilibrium  between  growth 
waste  corresponding  to  given  temperature ;  while  in  the 
issippi  Valley  the  ice  was  but  a  third  or  a  quarter  so  thick 
moved  sluggishly,  passing  over  hundreds  of  square  miles 
out  removing  the  subjacent  deposits  or  touching  the  sub- 
it  rocks,  probably  failed  to  reach  its  line  of  equilibrium 
Qg  the  earlier,  and  certainly  fell  far  short  of  it  during  the 
and  briefer  refrigeration.  The  two  ice-boundaries  cross 
jwhere  in  Ohio. 

he  History  Recorded  in  the  Colufnbia  Formation. — The 
>gic  history  recorded  in  the  Columbia  deposits  and  ter- 
.  and  in  the  erosion  and  alteration  which  both  have  suf- 
I  is  almost  wholly  supplementary  to  that  read  by  most 
)gists  in  the  later  glacial  deposits,  and  multiplies  many 
s  the  length  of  the  Quaternary  as  commonly  conceived, 
actively  the  two  series  of  deposits  indicate  that  the  Quater- 
consisted  of  two  and  only  two  great  epochs  of  cold  (the 
comprising  two  or  more  sub-epochs) ;  that  these  epochs 
separated  by  an  interval  three,  five,  or  ten  times  as  long 
e  post-glacial  interval ;  that  the  earlier  cold  endured  much 
longer ;  that  the  earlier  cold  was  the  less  intense  and  the 
ting  ice  sheet  stopped  short  (in  the  Atlantic  slope)  of  the 
reached  by  the  later;  that  the  earlier  glaciation  was 
npanied  by  much  the  greater  submergence,  exceeding 
feet  at  the  mouth  of  the  Hudson  and  extending  500  miles 
lward,  while  that  of  the  later  reached  but  a  tithe  of  that 
h  or  southing ;  and  that  during  the  long  interglacial  inter- 
he  condition  of  land  and  sea  was  much  as  at  present. 
[>reover,  as  in  the  Potomac  formation,  geologic  history  is 
ded  not  only  in  the  formation  itself  but  in  ite  relation  to 
loor  upon  which  it  rests ;  and  the  history  read  from  the 
sits  is  thus  materially  supplemented, 
remarkable  topographic  characteristic  is  displayed  by  the 
mont  and  Appalachian  regions  in  the  middle  Atlantic 
,  which  has  only  been  interpreted — or  indeed  recognized 
thin-the  decade.  The  entire  area  is  but  a  gently  undulating 
,  diversified  throughout  by  deeply  incised  waterways  and,  in 
Appalachian  zone,  by  bosses  and  ridges  of  obdurate  strata 
h  are  narrowed  and  truncated  by  erosion  but  not  planed  off. 
cross-section  of  the  Susquehanna  (fig.  1),  with  its  gently 
lating  plain  bounded  by  mountains  and  dissected  by  a 
bluffed  gorge,  is  representative  of  the  entire  Appalachian 
;  it  is  constantly  repeated  along  each  principal  waterway 
lat  zone,  and — save  that  the  bounding  mountains  are  ab- 
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sent — throughout  the  Piedmont  region;  and  lines  drawn  in 
any  direction  through  the  area  give  ever-varying  but  harmoni- 
ous combinations  of  this  profile.  During  recent  years  this 
peculiar  configuration  has  attracted  the  attention  of  nearly  all 
geologists  who  have  worked  in  the  area.  Stevenson  has  attrib- 
uted the  broad  intermontane  plains  of  the  Pennsylvania  Ap- 
palachians to  wave-action  during,  and  their  minor  irregularities 

l. 


Cross-Section  of  Susquehanna  Valley  between  BJoomsburg  and  Berwick. 

to  spasmodic  elevation  following,  a  general  submergence,  and 
ascribed  the  incised  valleys  to  the  action  of  the  streams  now 
occupying  them  during  a  recent  epoch  of  high  land  ;*  Kerr 
attributed  the  corresponding  plains  of  the  Piedmont  region  in 
North  Carolina  to  glacial  action  during  a  remote  epoch ;+  G. 
F.  Wright  ascribes  certain  of  the  plains  along  the  western 
slope  of  the  Appalachians  to  a  temporary  ice-dam  in  the  Ohio 
Valley  \\  I.  C.  White  recently  referred  the  deposits  upon  these 
plains,  if  not  the  plains  themselves,  as  exhibited  along  the 
Appalachian  rivers,  to  submergence  probably  coeval  with 
northern  glaciation  ;§  but  Gilbert  has  pointed  out  (orally)  that 
in  Virginia  and  North  Carolina,  at  least,  the  system  of  inter- 
montane plains  represents  an  old  base-level  of  erosion.  The 
composite  Appalachian  profile  indeed  indicates  clearly  that  at 
some  period  of  the  past  the  Piedmont-Appalachian  area  sU»od 
low  until  the  rivers,  their  affluents,  the  rivulets  leading  into 
these,  and  even  the  minutest  rain-born  rills,  cut  their  channels  to 
base  level  and  planed  all  the  rocks  except  the  obdurate  quartz- 
ites  and  sandstones  to  the  same  level ;  and  that  afterward  the 
land  was  lifted  until  the  waters  attacked  their  channels,  cot 
out  the  labyrinth  of  recent  gorges,  and  reduced  the  valleys, 
but  not  the  hills,  to  a  new  base-level  This  degradation-record 
is  as  definite  and  reliable  as  any  found  within  deposits ;  and 
while  so  little  is  known  of  the  physical  relations  of  the  clastic 
deposits  of  the  Coastal  plain  (though  they  have  been  system- 
atically classified  repeatedly  upon  other  bases)  that  they  tell  us 
less  than  the  Piedmont  hills  of  the  evolution  of  the  continent, 

*  Proc.  Am.  Philos.  Soc,  vol.  xviii.  1879,  315-816. 

f  This  Journal,  III,  vol.  xxi.  1881,  216-19. 

%  Am.  >Jat.,  xviii,  1884,  563-7. 

§  This  Journal,  III,  xxxiv,  1887.  374-81. 
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and  while  it  is  yet  impossible  for  that  reason  to  correlate  the 
records  of  land  and  sea,  it  will  eventually  be  shown  that  the 
broad  base-level  plain  corresponds  to  an  important  marine  for- 
mation  somewhere  in  the  Coastal  plain  series.  The  uncon- 
formity in  deposits  corresponding  to  the  rise  of  land  closing 
the  base-level  period  has  not  been  certainly  identified,  but  it 
seems  probable  that  the  deep  and  broad  estuaries  of  the 
Coastal  plain  were  then  excavated,  or  at  least  deepened ;  and 
their  depth  suggests  that  for  a  time  the  land  stood  higher  than 
now.* 

The  Columbia  formation  reposes  upon  the  less  elevated  por- 
tion of  the  Piedmont- Appalachian  base-level  plain  and  within 
the  newer  gorges  dissecting  it,  as  well  as  upon  the  Coastal 
plain  and  within  its  estuaries  to  considerable  depths  (generally 
undetermined  but  known  to  exceed  140  feet  in  Chesapeake 
Bay).  It  is  evident  from  the  relations  of  deposit  to  sub- 
terrane  in  the  Piedmont  region  that  the  deposition  of  the  for- 
mation occurred  long  posterior  to  the  rise  of  the  land  by  which 
the  old  base-level  was  disturbed ;  for  despite  the  high  declivity 
of  the  stream  post-Columbia  erosion  has  not  sufficed  to  lay 
bare  the  bottom  of  the  pre-Columbia  gorge  or  to  remove  more 
than  half  or '  two-thirds  of  the  Columbia  deposits  in  the  Sus- 
quehanna and  Delaware  Valleys ;  and  the  post-Columbia  ero- 
sion of  the  Potomac  is  measured  by  a  gorge  but  15  miles  long, 
half  a  mile  wide,  and  75  feet  in  average  depth,  while  the  post- 
base-level  erosion  is  represented  by  an  outer  gorge  more  than 
200  miles  long,  over  a  mile  in  width,  and  fully  200  feet  in 
average  depth,  and  by  corresponding  gorges  extending  to  the 
very  sources  of  all  its  tributaries.  Indeed,  when  post-glacial 
erosion  is  measured  in  yards  and  post-Columbia  erosion  in  rods, 
post-baselevel  erosion  must  be  measured  in  furlongs  if  not  in 
miles. 

So  the  direct  record  of  the  Columbia  formation  goes  back  to 
an  era  3,  5,  or  10  times  as  remote  as  that  to  which  the  Quater- 
nary has  commonly  been  carried,  while  its  indirect  record  ex- 
tends far  into  the  Tertiary  and  affords  part  of  the  data  required 
for  equilibrating  Tertiary  and  Quaternary  time — the  data  from 
the  deposits  being  yet  lacking. 

*  It  should  be  noted  that,  as  indicated  by  rapid  corrasion  on  the  one  hand  and 
the  failure  of  equally  rapid  deposition  to  fill  the  estuaries  on  the  other  hand,  the 
Piedmont  region  is  now  rising,  while  the  Coastal  plain  is  sinking — the  displace- 
ment coinciding  with  the  fall  line ;  that  this  movemeut  has  been  in  progress  since 
the  Columbia  period  at  least;  and  that  in  consequence  the  records  of  continental 
oscillation  found  on  opposite  sides  of  the  fall  line  are  inconsistent.  There  is  evi- 
dence, too.  that  the  hydrography  of  the  Coastal  Plain,  and  especially  the  deflection  of 
the  rivers  at  the  fall  line, Was  determined  during  the  Columbia  period;  and  hence 
that  the  estuaries  were  cut  not  by  the  rivers  which  occupy  them  but  by  those 
which  more  nearly  coincide  with  their  courses. 
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The  vicissitudes  recorded  in  the  Columbia  formation  and 
associated  phenomena  may  be  graphically  represented  as  in  the 
accompanying  diagrams.  It  should  be  pointed  ont  that  the 
earlier  part  of  the  record  is  shadowy,  that  the  quantitative  esti- 
mates are  but  roughly  approximate,  and  that  the  later  part  of 
the  record  is  obscured  by  the  fall-line  displacement  (which  can- 
not be  here  discussed) ;  yet  the  graphic  interpretation  of  the 
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There  is  a  break  in  geologic  history,  as  commonly  inter- 
preted, between  the  Tertiary  and  the  Quaternary — a  hiatus 
partly  natural  and  partly  taxonomic,  and  exceedingly  difficult 
to  close  by  reason  of  diverse  methods  of  classification  as  well 
as  by  reason  of  the  dearth  of  common  phenomena.  But  the 
formation  under  consideration  is  a  superficial  deposit  of  known 
genesis,  intimately  connected  with  the  other  Quaternary  de- 
posits of  the  country ;  it  is  at  the  same  time  a  fossil  if erous 
sedimentary  deposit  as  intimately  connected  with  the  Tertiary 
formations  of  the  middle  Atlantic  slope  as  these  are  connected 
among  themselves  ;  and  thus  the  formation  not  only  covers  the 
natural  discontinuity  between  the  Tertiary  and  Quaternary,  but, 
since  it  is  susceptible  of  classification  with  either,  closes  the 
taxonomic  hiatus  as  well.  So  the  Columbia  formation  not  onlv 
enlarges  current  conceptions  of  Quaternary  time,  and  opens  a 
hitherto  sealed  chapter  in  geology,  hut  at  the  same  time  bridges 
an  important  break  in  geologic  history. 
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Abt.  XXXIV. — A  Comparison  of  the  Elastic  and  the  Elec- 
trical Theories  of  Light  with  respect  to  the  Law  of  Double 
Refraction  and  the  Dispersion  of  Colors;  by  J.  "Willard 
Gibbs. 

It  is  claimed  for  the  electrical*  theory  of  light  that  it  is  free 
from  serious  difficulties,  which  beset  the  explanation  of  the 
phenomena  of  light  by  the  dynamics  of  elastic  solids.  Just 
what  these  difficulties  are,  and  why  they  do  not  occur  in  the 
explanation  of  the  same  phenomena  by  the  dynamics  of  electri- 
city, has  not  perhaps  been  shown  with  all  the  simplicity  and 
generality  which  might  be  desired.  Such  a  treatment  of  the 
subject  is  however  the  more  necessary  on  account  of  the  ever- 
increasing  bulk  of  the  literature  on  either  side,  and  the  confus- 
ing multiplicity  of  the  elastic  theories.  It  is  the  object  of  this 
paper  to  supply  this  want,  so  far  as  respects  the  propagation  of 
plane  waves  in  transparent  and  sensibly  homogeneous  media. 
The  simplicity  of  this  part  of  the  subject  renders  it  appropriate 
for  the  first  test  of  any  optical  theory,  while  the  precision  of 
which  the  experimental  determinations  are  capable,  renders  the 
test  extremely  rigorous. 

It  is  moreover,  as  the  writer  believes,  an  appropriate  time 
for  the  discussion  proposed,  since  on  one  hand  the  experi- 
mental verification  of  Fresnel's  Law  has  recently  been  carried 
to  a  degree  of  precision  far  exceeding  anything  which  we  have 
had  before,  f  and  on  the  other,  the  discovery  of  a  remarkable 
theorem  relating  to  the  vibrations  of  a  strained  solid^  has  given 
a  new  impulse  to  the  study  of  the  efastic  theory  of  light. 

*  The  term  electrical  seems  the  most  simple  and  appropriate  to  describe  that 
theory  of  light  which  makes  it  consist  in  electrical  motions.  The  eases  in  which 
any  distinctively  magnetic  action  is  involved  in  the  phenomena  of  light  are  so 
exceptional,  that  it  is  difficult  to  see  any  sufficient  reason  why  the  general  theory 
should  be  called  electro-magnetic,  unless  we  are  to  call  all  phenomena  electro- 
magnetic which  depend  on  the  motions  of  electricity. 

f  In  the  recent  experiments  of  Professor  Hastings  relating  to  the  index  of 
refraction  of  the  extraordinary  ray  in  Iceland  spar  for  the  spectral  line  Da  and  a 
wave-normal  inclined  at  about  31°  to  the  optic  axis,  the  difference  between  the 
observed  and  the  calculated  values  was  only  two  or  three  units  in  the  sixth 
decimal  place  (in  the  seventh  significant  figure),  which  was  about  the  probable 
error  of  the  determinations.     See  page  60  of  this  volume. 

\  Sir  Wm.  Thomson  has  shown  that  if  an  elastic  incompressible  solid  in  which 
the  potential  energy  of  any  homogeneous  strain  is  proportional  to  the  sum  of  the 
squares  of  the  reciprocals  of  the  principal  elongations  minus  three  is  subjected  to 
any  homogeneous  strain  by  forces  applied  to  its  surface,  the  transmission  of  plane 
waves  of  distortion,  superposed  on  this  homogeneous  strain,  will  follow  exactly 
Fresnel's  law  (including  the  direction  of  displacement),  the  three  principal  veloci- 
ties being  proportional  to  the  reciprocals  of  the  principal  elongations.  It  must 
be  a  surprise  to  mathematicians  and  physicists  to  learn  that 'a  theorem  of  such 
simplicity  and  beauty  has  been  waiting  to  be  discovered  in  a  field  which  has  been 
so  carefully  gleaned.  See  page  116  of  the  current  volume  (xxv)  of  the  Philo- 
sophical Magazine. 


468  /.  W.  Oait—Mattie  and  EUatnoal  Thtoriu  qf  IAghL 

i 

t 

Let  us  first  consider  the  facts  to  which  a  correct  theoiy  moit 
conform. 

It  is  generally  admitted  that  the  phenomena  of  light  conriit 
in  motions  (of  the  type  which  we  call  wave-motionaj  of  some- 
thing which  exists  both  in  space  void  of  ponderable  matter, 
and  in  the  spaces  between  tne  molecules  of  bodies,  perhaps 
also  in  the  molecules  themselves.  The  kinematics  of  these 
motions  is  pretty  well  understood;  the  question  at  issue  is 
whether  it  agrees  with  the  dynamics  of  elastic  solids  or  with 
the  dynamics  of  electricity. 

In  the  case  of  a  simple  harmonic  wave-motion,  which  alone 
we  need  consider,  the  wave-velocity  (V)  is  the  quotient  of  the 
wave-length  (/)  by  the  period  of  vibration  (jp).  Tnese  Quantities 
can  be  determined  with  extreme  accuracy.  In  media  which 
are  sensibly  homogeneous  but  not  isotropic  the  wave-velocity 
V,  for  any  constant  value  of  the  period,  is  a  quadratic  function 
of  the  direction  cosines  of  a  certain  line,  viz :  the  normal  to 
the  so-called  "  plane  of  polarization."  The  physical  character- 
istics of  this  line  have  been  a  matter  of  dispute.  Freenel  con- 
sidered it  to  be  the  direction  of  displacement.  Others  have 
maintained  that  it  is  the  common  perpendicular  to  the  wave- 
normal  and  the  displacement.  Others  again  would  define  it  as 
that  component  of  the  displacement  which  is  perpendicular  to 
the  wave-normal.  This  of  course  would  differ  from  Fresnel's 
view  only  in  case  the  displacements  are  not  perpendicular  to 
the  wave-normal,  and  would  in  that  case  be  a  necessary  modi- 
fication of  his  view.  Although  this  dispute  has  been  one  of 
the  most  celebrated  in  physics,  it  seems  to  be  at  length  sub- 
stantially settled,  most  directly  by  experiments  upon  the  scat- 
tering of  light  by  small  particles,  which  seems  to  show  deci- 
sively that  in  isotropic  media  at  least  the  displacements  are 
normal  to  the  "  plane  of  polarization,"  and  also,  with  hardly 
less  cogency,  by  the  difficulty  of  accounting  for  the  intensities 
of  reflected  and  refracted  light  on  any  other  supposition.*  It 
should  be  added  that  all  diversity  of  opinion  on  this  subject 
has  been  confined  to  those  whose  theories  are  based  on  the 
dynamics  of  elastic  bodies.     Defenders  of  the  electrical  theory 

*  "  At  the  same  time,  if  the  above  reasoning  be  valid,  the  question  as  to  the 
direction  of  the  vibrations  in  polarized  light  is  decided  in  accordance  with  the 
view  of  Fresnel.  ...  I  confess  I  cannot  see  any  room  for  doubt  as  to  the  result 
it  leads  to.  .  .  I  only  mean  that  if  light,  as  is  generally  supposed,  consists  of 
transversal  vibrations  similar  to  those  which  take  place  in  an  elastic  solid,  the 
vibration  must  be  normal  to  the  plane  of  polarization."  Lord  Rayleigh  "  On  the 
Light  from  the  Sky,  its  Polarization  and  Color;"  Phil.  Mag.  (4),  xli  (1871).  p.  109. 

"  Green's  dynamics  of  polarization  by  reflexion,  and  Stokes1  dynamics  of  the  dif- 
fraction of  polarized  light,  and  Stokes'  and  Rayleigh's  dynamics  of  the  blue  sky. 
all  agree  in,  as  it  seems  to  me,  irrefragably.  demonstrating  Fresnel's  original  con- 
clusion, that  in  plane  polarized  light  the  line  of  vibration  is  perpendicular  to  the 
plane  of  polarization."     Sir  Win.  Thomson,  toe.  citat. 
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have  always  placed  the  electrical  displacement  at  right  angles 
to  the  "  plane  of  polarization. "  It  will,  however,  be  better  to 
assume  this  direction  of  the  displacement  as  probable  rather 
than  as  absolutely  certain,  not  so  much  because  many  are  likely 
to  entertain  serious  doubts  on  the  subject,  as  in  order  not  to 
exclude  views  which  have  at  least  a  historical  interest. 

The  wave-velocity,  then,  for  any  constant  period,  is  a  quad- 
ratic function  of  the  cosines  of  a  certain  direction,  which  is 
probably  that  of  the  displacement,  but  in  any  case  determined 
Dy  the  displacement  and  the  wave-normal.  The  coefficients  of 
this  quadratic  function  are  functions  of  the  period  of  vibration. 
It  is  important  to  notice  that  these  coefficients  vary  separately, 
and  often  quite  differently,  with  the  period,  and  tnat  the  case 
does  not  at  all  resemble  that  of  a  quadratic  function  of  the 
direction-cosines  multiplied  by  a  quantity  depending  on  the 
period. 

In  discussing  the  dynamics  of  the  subject" we  may  gain  some- 
thing in  simplicity  by  considering  a  system  of  stationary  waves, 
such  as  results  from  two  similar  systems  of  progressive  waves 
moving  in  opposite  directions.  In  such  a  system  the  energy 
i6  alternately  entirely  kinetic  and  entirely  potential  Since  the 
total  energy  is  constant,  we  may  set  the  average  kinetic  energy 
per  unit  of  volume  at  the  moment  when  there  is  no  potential 
energy  equal"  to  the  average  potential  energy  per  unit  of 
volume  when  there  is  no  kinetic  energy.*  We  may  call  this 
the  equation  of  energies.  It  will  contain  the  quantities  I  and 
p,  and  thus  furnish  an  expression  for  the  velocity  of  either  sys- 
tem of  progressive  waves.  We  have  to  see  whether  the  elastic 
or  the  electric  theory  gives  the  .expression  most  conformed  to 
the  facte. 

Let  us  first  apply  the  elastic  theory  to  the  case  of  the  so- 
called  vacuum.  If  we  write  h  for  the  amplitude  measured  in 
the  middle  between  two  nodal  planes,  the  velocities  of  dis- 
placement will  be  as  — ,  and  the  kinetic  energy  will  be  rep- 
resented by  A—,  where  A  is  a  constant  depending  on  the  den- 
rity  of  the  medium.  The  potential  energy,  which  consists  in 
listortion  of  the  medium,  may  be  represented  by  B— ,  where 

B  is  a  constant  depending  on  the  rigidity  of  the  medium.    The 
aquation  of  energies,  on  the  elastic  theory,  is  therefore 

A-a  =  B7,  (l) 

which  gives  Va  =  —  =   — .  (2) 

p  A 

*  The  terms  kinetic  energy  and  potential  energy  will  be  used  in  this  paper  to 
lenote  these  average  values. 
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In  the  electrical  theory,  the  kinetic  energy  is  not  determined 
by  the  simple  formula  of  ordinary  dynamics  from  the  square 
of  the  velocity  of  each  element,  but  is  found  by  integrating 
the  product  of  the  velocities  of  each  pair  of  elements  divided 
by  tne  distance  between  them.  Very  elementary  considerations 
suffice  to  show  that  a  quantity  thus  determined  when  estimated 
per  unit  of  volume  will  vary  as  the  square  of  the  wave-length. 

We  may  therefore  set  FP  —  for   the  kinetic  energy,  F  being 

a  constant.  The  potential  energy  does  not  consist  in  distor- 
tion of  the  medium,  but  depends  upon  an  elastic  resistance 
to  the  separation  of  the  electricities  which  constitutes  the 
electrical  displacement,  and  is  proportioned  to  the  square  of 
this  displacement.  The  average  value  of  the  potential  energy 
per  unit  of  volume  will  therefore  be  represented  in  the  elec- 
trical theory  by  G#*,  where  G  is  a  constant,  and  the  equation 
of  energies  will  be 

F?  -,  =  Gtf  (3) 

P 

which  gives 

V'  =  ?  =  T-  W 

Both  theories  give  a  constant  velocity,  as  is  required.  But  it 
is  instructive  to  notice  the  profound  difference  in  the  equations 
of  energy  from  which  this  result  is  derived.  In  the  elastic 
theory  the  square  of  the  wave-length  appears  in  the  potential 
energy  as  a  divisor;  in  the  electrical  theory  it  appears  in  the 
kinetic  energy  as  a  factor. 

Let  us  now  consider  how  these  equations  will  he  modified  by 
the  presence  of  ponderable  matter,  in  the  most  general  case  of 
transparent  and  sensibly  homogeneous  bodies.  This  subject  is 
rendered  much  more  simple  by  the  fact  that  the  distances  be- 
tween the  ponderable  molecules  are  very  small  compared  with 
a  wave- length.     Or,  what  amounts  to  the  same  thing,  but  may 

1>resent  a  more  distinct  picture  to  the  imagination,  the  wave- 
ength  may  be  regarded  as  enormously  great  in  comparison 
with  the  distances  between  neighboring  molecules.  Whatever 
view  we  take  of  the  motions  which  constitute  light,  we  can 
hardly  suppose  them  (disturbed  as  they  are  by  the  presence  of 
the  ponderable  molecules)  to  be  in  strictness  represented  by  the 
equations  of  wave-motion.  Yet  in  a  certain  sense  a  wave- 
motion  may  and  does  exist.  If,  namely,  instead  of  the  actual 
displacement  at  any  point,  we  consider  the  average  displace- 
ment in  a  space  large  enough  to  contain  an  immense  number 
of  molecules,  and  yet  small  as  measured  by  a  wave-length,  such 
average  displacements  may  be  represented  by  the  equations  of 
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wave-motion ;  and  it  is  only  in  this  sense  that  any  theory  of 
wave-motion  can  apply  to*  the  phenomena  of  light  in  trans- 
parent bodies.  When  we  speak  of  displacements,  amplitudes, 
velocities  (of  displacement),  etc.,  it  mnst  therefore  be  under- 
stood in  this  way. 

The  actual  kinetic  energy,  on  either  theory,  will  evidently  be 
greater  than  that  due  to  the  motion  thus  averaged  or  smoothed, 
and  to  a  degree  presumably  depending  on  the  direction  of  the 
displacement.  But  since  displacement  in  any  direction  may 
be  regarded  as  compounded  of  displacements  in  three  fixed 
directions,  the  additional  energy  will  be  a  quadratic  function  of 
the  components  of  velocity  ot  displacement,  or,  in  other  words, 
a  quadratic  function  of  the  direction-cosines  of  the  displace- 
ment multiplied  by  the  square  of  the  amplitude  and  divided 
by  the  square  of  the  period.*  This  additional  energy  may  be 
understood  as  including  any  part  of  the  kinetic  energy  of  the 
wave-motion  which  may  belong  to  the  ponderable  particles. 
The  term  to  be  added  to  the  kinetic  energy  on  the  electric 

theory  may  therefore  be  written ,/©—,  where  f^  is  a  quadratic 

P 
function  of  the  direction-cosines  of  the  displacement.     The 

elastic  theory  requires  a  term  of  precisely  the  same  character, 

but  since  the  term  to  which  it  is  to  be  added  is  of  the  same 

general  form,  the  two  may  be  incorporated  in  a  single  term  of 

A* 
the  form  AD  — ,  where  AD  is  a  quadratic  function  of  the  direc- 
tion-cosines of  the  displacement  "We  must,  however,  notice 
that  both  AD  and/*,,  are  not  entirely  independent  of  the  period 
For  the  manner  in  which  the  flux  of  the  luminiferous  medium 
is  distributed  among  the  ponderable  molecules  will  naturally 
depend  somewhat  upon  the  period.  The  same  is  true  of  the 
degree  to  which  the  molecules  may  be  thrown  into  vibration. 
But  AD  and  /'D  will  be  independent  of  the  wave-length,  (except 
so  far  as  this  is  connected  with  the  period,)  because  the  wave- 
length is  enormously  great  compared  with  the  size  of  the  mole- 
cules and  the  distances  between  them. 

The  potential  energy  on  the  elastic  theory  must  be  increased 
by  a  term  of  the  form  JD  A*,  where  iD  is  a  quadratic  function  of 
the  direction-cosines  of  the  displacement.  For  the  ponderable 
particles  must  oppose  a  certain  elastic  resistance  to  the  dis- 
placement of  the  ether,  which  in  seolotropic  bodies  will  pre- 
sumably be  different  in  different  directions.  The  potential 
energy  on  the  electric  theory  will  be  represented  by  a  single 
term  of  the  same  form,  say  GD  A2,  where  a  quadratic  function 
of  the  direction-cosines  of  the  displacement,  GD,  takes  the  place 

*  For  proof  in  extenso  of  this  proposition,  when  the  motions  are  supposed 
electrical,  the  reader  is  referred  to  volume  xxiii  of  this  Journal,  page  268. 
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of  the  constant  G,  which  was  sufficient  when  the  ponderable 
particles  were  absent.  Both  G»  and  b9  will  vary  to  some  ex- 
tent with  the  period,  like  AD  and/p,  and  for  the  same  reason. 
In  regard  to  that  potential  energy,  which  on  the  elastic 
theory  is  independent  of  the  direct  action  of  the  ponderable 
molecules,  it  nas  been  supposed  that  in  aeolotropic  bodies  the 
effect  of  the  molecules  is  such  as  to  produce  an  eeolotropic  state 
in  the  ether,  so  that  the  energy  of  a  distortion  varies  with  its 
orientation.    This  part  of  the  potential  energy  will  then  be 

represented  by  B^  =,  where  B*D  is  a  function  of  the  directions 

of  the  wave-normal  and  the  displacement  It  may  easily  be 
shown  that  it  is  a  quadratic  function  both  of  the  direction- 
cosines  of  the  wave-normal  and  of  those  of  the  displacement 
Also,  that  if  the  ether  in  the  body  when  undisturbed  is  not 
in  a  state  of  stress  due  to  forces  at  the  surface  of  the  body, 
or  if  its  stress  is  uniform  in  all  directions,  like  a  hydrostatic 
pressure,  the  function  BVD  must  be  symmetrical  with  respect 
to  the  two  sets  of  direction-cosines. 
The  equation  of  energies  for  the  elastic  theory  is  therefore 

AD£  =  BMD^  +  ftotf,  (5) 

which  gives 

v  =  41  =  A  B;D  ,.  (6) 

p%         Av—bvp* 
The  equation  of  energies  for  the  electrical  theory  is 

FP  ?  +  /d£  =  Gd  a';  (7) 

which  gives 

V*  —  —  —  ®?  —  £*.  (9\ 

p*  ~~    F         Fpr  l  ' 

It  is  evident  at  once  that  the  electrical  theory  gives  exactly 
the  form  that  we  want.  For  any  constant  period  the  square 
of  the  wave-velocity  is  a  quadratic  function  of  the  direction- 
cosines  of  the  displacement.  When  the  period  varies,  this 
function  varies,  the  different  coefficients  in  the  function  vary- 
ing separately,  because  GD  and  #/*D  will  not  in  general  be  simi- 
lar functions.*  If  we  consider  a  constant  direction  of  displace- 
ment while  the  period  varies,  GD  and  f^  will  only  vary  so  far 
as  the  type  of  the  motion  varies,  i.  e.,  so  far  as  the  manner  in 
which  the  flux  distributes  itself  among  the  ponderable  mole- 

*  But  GD,  /p,  and  Vs,  considered  as  functions  of  the  direction  of  displacement, 
are  all  subject  to  any  law  of  symmetry  which  may  belong  to  the  structure  of  the 
body  considered  The  resulting  optical  characteristics  of  the  different  crystallo 
graphic  systems  are  given  in  volume  xxiii  of  this  Journal  page  273. 
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exiles  and  intermolecular  spaces,  and  the  extent  to  which  the 
molecules  take  part  in  the  motion  are  changed.  There  are 
cases  in  which  these  vary  rapidly  with  the  period,  viz :  cases 
of  selection  absorption  and  abnormal  dispersion.  But  we  may 
fairly  expect  that  there  will  be  many  cases  in  which  the  char- 
acter of  the  motion  in  these  respects  will  not  vary  much  with 

the  period.     -=j  and  -£  will  then  be  sensibly  constant  and  we 

r  r 

have  an  approximate  expression  for  the  general  law  of  disper- 
sion, which  agrees  remarkably  well  with  experiment* 

If  we  now  return  to  the  equation  of  energies  obtained  from 
the  elastic  theory,  we  see  at  once  that  it  does  not  suggest  any 
such  relation  as  experiment  has  indicated ,  either  between  the 
wave-velocity  and  the  direction  of  displacement,  or  between 
the  wave-velocity  and  the  period.  It  remains  to  be  seen 
whether  it  can  be  brought  to  agree  with  experiment  by  any 
hypotheses  not  too  violent. 

In  order  that  Vs  may  be  a  quadratic  function  of  any  set  of 
direction-cosines,  it  is  necessary  that  AD  and  JD  shall  be  inde- 
pendent of  the  direction  of  the  displacement,  in  other  words, 
m  the  case  of  a  crystal  like  Iceland  spar,  that  the  direct  action 
of  the  ponderable  molecules  upon  the  ether,  shall  affect  both 
the  kinetic  and  the  potential  energy  in  the  same  way,  whether 
the  displacement  tate  place  in  the  direction  of  the  optic  axis 
or  at  right  angles  to  it.  This  is  contrary  to  everything  which 
we  should  expect.  If,  nevertheless,  we  make  this  supposition, 
it  remains  to  consider  B,^.  This  must  be  a  quadratic  function 
of  a  certain  direction,  which  is  almost  certainly  that  of  the  dis- 
placement. If  the  medium  is  free  from  external  stress  (other 
than  hydrostatic),  B^,  as  we  have  seen,  is  symmetrical  with 
respect  to  the  wave  normal  and  the  direction  of  displacement, 
and  a  quadratic  function  of  the  direction-cosines  of  each.  The 
only  single  direction  of  which  it  can  be  a  function  is  the  com- 
mon perpendicular  to  these  two  directions.  If  the  wave- 
normal  and  the  displacement  are  perpendicular,  the  direction- 
cosines  of  the  common  perpendicular  to  both  will  be  linear 
functions  of  the  direction-cosines  of  each,  and  a  quadratic 
function  of  the  direction-cosines  of  the  common  perpendicular 
will  be  a  quadratic  function  of  the  direction-cosines  of  each. 
We  may  thus  reconcile  the  theory  with  the  law  of  double  re- 
fraction, in  a  certain  sense,  by  supposing  that  AD  and  JD  are 
independent  of  the  direction  of  displacement,  and  that  B^  and 
therefore  Va  is  a  quadratic  function  of  the  direction-cosines  of 
the  common  perpendicular  to  the  wave-normal  and  the  dis- 

*  This  will  appear  moat  distinctly  if  we  consider  that  V  divided  by  the  velocity 
of  light  in  vacuo  gives  the  reciprocal  of  the  index  of  refraction,  and  p  multiplied 
by  the  same  quantity  gives  the  wave-length  in  vacuo. 
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placement.  But  this  supposition,  besides  its  intrinsic  improb- 
ability so  far  as  AD  and  &D  are  concerned,  involves  a  direction 
of  the  displacement  which  is  certainly  or  almost  certainly 
wrong. 

We  are  thus  driven  to  suppose  that  the  undisturbed  medium 
is  in  a  state  of  stress,  which,  moreover,  is  not  a  simple  hy- 
draulic stress.  In  this  case,  by  attributing  certain  definite  phy- 
sical properties  to  the  medium,  we  may  make  the  function  d^ 
become  independent  of  the  direction  of  the  wave-normal,  and 
reduce  to  a  quadratic  function  of  the  direction-cosines  of  the 
displacement.*  This  entirely  satisfies  Fresnel's  Law,  including 
the  direction  of  displacement,  if  we  can  suppose  AD  and  JD  in- 
dependent of  the  direction  of  displacement  But  thi6  supposi- 
tion, in  any  case  difficult  for  aeolotropic  bodies,  seems  quite 
irreconcilable  with  that  of  a  permanent  (not  hydrostatic)  stress. 

For  this  stress  can  only  be  kept  up  by  the  action  of  the  pon- 
derable molecules,  and  by  a  sort  of  action  which  hinders  the  pas- 
sage of  the  ether  past  the  molecules.  Now  the  phenomena  of 
renection  and  refraction  would  be  very  different  from  what 
they  are,  if  the  optical  homogeneity  of  a  crystal  did  not  extend 
up  very  close  to  the  surface.  This  implies  that  the  stress  is 
produced  by  the  ponderable  particles  in  a  very  thin  lamina  at 
the  surface  of  the  crystal,  much  less  in  thickness,  it  would  seem 
probable,  than  a  wave-length  of  yellow  light.  And  this  again 
implies  that  the  power  of  the  ponderable  particles  to  pin  down 
the  ether,  as  it  were,  to  a  particular  position  is  very  great,  and 
that  the  term  in  the  energy  relating  to  the  motion  of  the  ether 
relative  to  the  ponderable  particles  is  very  important.  This  is 
the  term  containing  the  factor  JD,  which  it  is  difficult  to  sup- 
pose independent  of  the  direction  of  displacement  because  the 
dimensions  and  arrangement  of  the  particles  are  different  in 
different  directions,  liut  our  present  hypothesis  has  brought 
in  a  new  reason  for  supposing  5D  to  depend  on  the  direction  of 
displacement,  viz :  on  account  of  the  stress  of  the  medium.  A 
general  displacement  of  the  medium  midway  between  two 
nodal  planes,  when  it  is  restrained  at  innumerable  points  by 
the  ponderable  particles,  will  produce  special  distortions  cjue 
to  these  particles.  The  nature  of  these  distortions  is  wholly 
determined  by  the  direction  of  displacement,  and  i6  hard  to 
conceive  of  any  reason  why  the  energy  of  these  distortions 
should  not  vary  with  the  direction  of  displacement,  like  the 
energy  of  the  general  distortion  of  the  wave-motion,  which  is 
partly  determined  by  the  displacement  and  partly  by  the  wave- 
normal,  f 

*  See  note  on  page  467. 

f  The  reader  may  perhaps  ask.  how  the  above  reasoning  is  to  be  reconciled 
with  the  fact  that  the  law  of  double  refraction  has  been  so  often  deduced  from 
the  elastic  theory.     The  troublesome  terms  are  bn  and  the  variable  part  of  Ap, 
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But  the  difficulties  of  the  elastic  theory  do  uot  eud  with  the 
law  of  double  refraction,  although  they  are  there  more  con- 
spicuous on  account  of  the  definite  and  simple  law  by  which 
tney  can  be  judged.  It  does  not  easily  appear  how  the  equa- 
tion of  energies  can  be  made  to  give  anything  like  the  proper 
law  of  the  dispersion  of  colors.  Since  for  given  directions  of 
the  wave-normal  and  displacement,  or  in  an  isotropic  body, 
Bro  is  constant,  and  also  AD  and  bm  except  so  far  as  the  type 
of  the  vibration  varies,  the  formula  requires  that  the  square  of 
the  index  of  refraction  (which  is  inversely  as  Va)  should  be  equal 
to  a  constant  diminished  by  a  term  proportional  to  the  square 
of  the  period,  except  so  far  as  this  law  is  modified  by  a  varia- 
tion of  the  type  of  vibration.  But  experiment  shows  nothing 
like  this  law,  Now,  the  variation  in  the  type  of  vibration  is 
sometimes  very  important, — it  plays  the  leading  role  in  the 

Ehenomena  of  selection  absorption  and  abnormal  dispersion, — 
ut  this  is  certainly  not  always  the  case.  It  seems  hardly 
possible  to  suppose  that  the  type  of  vibration  is  always  so  vari- 
able as  entirely  to  mask  the  law  which  is  indicated  by  the 
formula  when  AD  and  JD  (with  B^)  are  regarded  as  constant 
This  is  especially  evident  when  we  consider  that  the  effect  on 
the  wave-velocity  of  a  small  variation  in  the  type  of  vibration 
will  be  a  small  quantity  of  the  second  order.* 

The  phenomena  of  dispersion,  therefore,  corroborate  the  con- 
clusion which  seemed  to  follow  inevitably  from  the  law  of 
double  refraction  alone. 


Art.    XLI. — Notes  on   the  Surface    Geology  of  Southern 

Oregon ;  by  Henry  J.  Biddle. 

During  the  Summer  of  1887,  the  writer  had  occasion  to 
visit  that  portion  of  southern  Oregon  which  lies  within  the 
area  of  interior  drainage,  and  forms  the  northwestern  part  of 
the  Great  Basin.  In  the  intervals  of  other  work,  some  notes 
on  the  surface  geology  of  the  region  were  made,  which,  though 
necessarily  fragmentary  and  incomplete,  may  yet  be  of  suffi- 

which  express  the  direct  action  of  the  ponderable  molecules  on  the  ether.  So  far 
as  the  (quite  limited)  reading  and  recollection  of  the  present  writer  extend,  those 
who  have  sought  to  derive  the  law  of  double  refraction  from  the  theory  of  elastic 
solids  have  generally  either  neglected  this  direct  action — u  neglect  to  which 
Professor  Stokes  calls  attention  more  than  once  in  his  celebrated  "  Report  on 
Double  Refraction"  (Brit.  Assoc ,  1862,  pp.  264,  268,) — or  taking  account  of  this 
action  they  have  made  shipwreck  upon  a  law  different  from  Fresnel's  and  con- 
tradicted by  experiment 

*  8ee  volume  xxiii  of  this  Journal,  pp.  271,  272,  or  Lord  Rayleigh's  4<  Theory 
of  Sound,"  vol.  i,  p  84. 
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cient  interest  to  justify  their  publication.  This  region  ww 
reconnoitered  by  Mr.  I.  C.  Russell  in  1881  and  1889 ;  and  to 
his  description*  reference  must  be  had  for  a  complete  account 
of  its  topography  and  surface  geology.  These  notes  are  merely 
intended  to  supplement  some  of  the  observations  of  that  writer, 
and  to  call  attention  to  a  few  points  not  previously  noted.  A 
portion  of  northern  California,  which  has  the  same  topograph- 
ical features  and  geological  structure  as  southern  Oregon,  is 
included  in  the  following  observations. 

The  first  region  to  be  considered  is  Warner  Valley.  Thk 
is  a  long,  narrow  valley,  bounded  on  both  sides  by  fault  scarps 
of  grand  proportions,  and  extending  in  a  nearly  north  and 
south  direction.  Its  southern  end  is  close  to  the  point  where 
the  dividing  line  between  California  and  Nevada  meets  the 
southern  boundary  of  Oregon.  This  valley,  as  already  noted 
by  Russell,t  was  occupied  by  a  Quaternary  lake,  which  never 
overflowed ;  and  in  its  lowest  portions  are,  at  present,  a  chain 
of  shallow  lakes,  and  marshes.  These  lakes  all  drain,  daring 
the  wet  season,  into  the  northernmost  lake;  and  are  conse- 
quently, with  the  exception  of  the  latter,  nearly  or  quite  fresh. 
The  northernmost  lake,  on  the  contrary,  is  aUcaline  and  brack- 
ish. A  sample  of  this  body  of  water,  collected  in  September, 
was  found  to  contain  about  four  grams  of  solid  matter  to  the 
liter.  Qualitative  analysis  showed  the  presence  of  sodium, 
magnesium,  traces  of  calcium  and  potassium,  chlorine,  sul- 
phuric and  carbonic  acids, — the  chief  constituent  being  com- 
mon salt.  The  salts  contained  in  this  lake  do  not,  however, 
represent  the^  total  amount  left  by  the  evaporation  of  the 
ancient  lake.  On  the  east  side  of  the  valley,  near  its  northern 
end,  is  a  group  of  ponds  and  marshes,  the  waters  of  which  are 
highly  concentrated  salt  solutions.  When  dried  by  the  heat 
of  summer  they  leave  crusts  of  various  salts.  The  common 
salt  from  these  ponds,  though  somewhat  impure  from  the 
admixture  of  sulphates,  has  become  of  importance  to  the 
country  round  about ;  and  several  hundred  tons  are  collected 
annually  for  salting  sheep  and  cattle.  As  the  supply  is 
renewed  every  year,  it  is  reasonable  to  infer  that  the  salt  is 
derived  from  the  sediments  in  the  bed  of  the  ancient  lake, 
which  absorbed  most  of  the  salts  left  upon  its  desiccation.  In 
addition  to  sodium  chloride,  the  waters  of  these  ponds  contain 
a  great  quantity  of  sodium  and  magnesium  sulphates,  and  a 
trace  of  borax.  In  the  mud  beneath  the  ponds  are  crusts  of 
sodium  sulphate,  and  nodules,  up  to  three  inches  in  diameter, 
of  a  mineral  which  has  the  composition  of  Ulexite,  a  borate  of 
soda  and  lime. 

*  Fourth  Annual  Report  of  the  U.  S.  Geological  Survey.     A  Geological  Recon- 
naissance in  Southern  Oregon,  by  I.  C.  Russell. 
f  Loc.  cit.,  p.  459. 
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Next  to  be  considered  is  the  region  embraced  in  the  valleys 
Summer,  Abert  and  Goose  lakes.  While  each  of  these  lakes 
s  its  own  system  of  drainage,  all  being  at  present  without 
tlet,  yet  from  the  fact  that  they  are  only  separated  by  divides 
slight  elevation  in  comparison  to  the  surrounding  mountains, 
ey  can  conveniently  be  grouped  together.  Another  reason 
r  considering  them  together  is,  as  will  be  shown,  the  proba- 
lity  that  they  once  belonged  to  the  same  drainage  system. 
The  valleys  of  Summer  and  Abert  lakes,  together  with  the 
w  region  between  them,  now  occupied  by  the  Chewaucan 
arsh,  were  tilled,  during  the  Quaternary  period,  by  a  lake  of 
nsiderable  size.  The  boundaries  of  this  ancient  lake  have 
sen  mapped  by  Russell.*  In  the  lowest  portions  of  its  bed 
e  the  existing  lakes,  Summer  and  Abert.  They  resemble 
ch  other  in  many  respects,  and  are  both  highly  charged 
ith'  various  salts  in  solution  ;  but  the  waters  01  Abert  lake 
ntain  about  twice  as  great  a  percentage  of  total  solids  as 
oee  of  Summer  lake.  Qualitatively  the  salts  in  both  lakes 
e  the  same.  A  sample  of  the  water  of  Abert  lake  was  col- 
sted  on  the  18th  of  September,  1887,  off  a  rocky  point  near 
e  middle  of  the  west  shore.  It  was  taken  one  toot  below 
e  surface  and  about  ten  yards  from  land ;  the  depth  of  the 
ater  being  five  feet,  and  temperature  15°  C.  The  following 
lalvsis  of  this  sample  by  Dr.  T.  M.  Chatard,  of  the  U.  S. 
eological  Survey,  is  published  by  permission. 

8peclflc  Gravity  1-08117  at  19-8°. 

In  25  c.c.  —  25*77295  grama.  Grams  in       Percentage 

A.  B.  Average.  a  liter.       of  total  aoiida. 

SiO, 0*0063  0-0053  0-00580  0*232  0*59 

K 0-0133  0*0136  0*01345  0*538  1*37 

Na 0C674  0-3671  0*36725  14-690  37'51 

SO,)    00148  0-0146  0-01470  0*5*8  1*50 

O      J    U-0030  0*0029  0*00295  0*118  0*30 

CI 0*3365  03366  0*33655  13*462  34*37 

CO,  )    0*1755  0*1757  0*17560  7*024  17*93 

O       j    0*0615  0*0616  0*06155  2*462  6*28 

H  in  bicarbonates 0*058  0*15 


Grams 39172     100*00 

Hypothetical  Composition. 

Grama  in  a  liter.      Percentage  of  total  aoiida. 

SiO, 0-232  0*59 

KC1 1*027  2*62 

NaCl.    .    21*380  54*58 

Na,S04 1-050  2*68 

NaXXX 10*611  27*09 

NaHCO, 4*872  12*44 

39*172  100*00 

*  Loc  tit.,  map  83. 


478  H.  J.  BiddU— Surface  Geology  tf  Souther*  Oregon. 

An  analysis,  quoted  by  Russell,*  of  a  previous  sample  from 
this  lake  showed  a  remarkably  high  percentage  of  potaarium 
salt*  The  above  analysis,  on  -the  contrary,  wows  a  leas  pro* 
portion  of  potassium  than  reported  in  the  waters  of  Mooo 
Lake,  Owen's  Lake,  or  Great  Salt  Lake. t  The  writer  is  at  t 
loss  to  account  for  the  wide  variation  between  these  analyse*. 
Both  6how  a  very  low  percentage  of.  sulphates,  far  less  than  in 
the  other  lakes  of  die  Great  Basin  mentioned. 

The  occurrence  of  tufa  deposits  in  the  bed  of  the  ancient 
lake  alluded  to  has  not  previously  been  reported.  In  the  low 
region  between  the  existing  water  bodies  fragments  of  a  calca- 
reous crust,  usually  less  than  one-half  men  in  thickness,  to- 
Sther  with  concretions  of  small  size,  lie  sparsely  scattered  on 
e  surf ace.  Near  the  shore  of  Summer  Lake  the  sands  an 
cemented  into  a  crust  from  one-eighth  to  one-half  inch  thick, 
which  appears  to  be  of  very  recent  formation,  and  might  have 
been  formed  when  the  lake  stood  but  a  few  feet  higher  than 
at  present  These  facts  merely  go  to  show  that  the  history  of 
this  ancient  water  body  was,  in  a  small  way,  similar  to  that  of 
the  larger  inclosed  lakes  of  the  Great  Basin. 

Goose  Lake  Valley  is  south  of  the  region  just  described;  it 
extends  nearly  north  and  south,  and  lies  partly  in  Oregon, 
partly  in  California.  At  its  northern  end  it  is  connected  by  a 
low  pass  with  the  southern  end  of  the  depression  in  which 
Abert  Lake  lies.  This  valley  was  occupied  by  an  ancient  lake, 
the  boundaries  of  which  have  never  been  mapped.  It  had 
about  twice  the  area  of  the  present  Goose  Lake,  and  a  depth 
approaching  300  feet.  As  the  hillsides  in  this  region  are  in 
part  clothed  with  forest,  the  ancient  beach  lines  do  not  form  as 
noticeable  a  feature  as  in  the  arid  valleys  north  and  east  of  it 
Near  the  town  of  Lakeview,  however,  is  a  conspicuous  and 
well  defined  terrace,  showing  the  surface  level  of  the  ancient 
lake.  This  terrace  is  deeply  cut  into  the  spurs  of  the  mountain 
side,  having  in  places  a  width  of  several  hundred  feet.  It  ha? 
two  minor  benches,  at  an  elevation  respectively  of  250  and 
280  feet  above  the  floor  of  the  vallev.J  These  benches  are  in 
places  level,  but  usually  have  a  la^eward  slope  of  about  5°, 
and  are  separated  by  a  somewhat  steeper  slope.  On  the  side 
toward  the  valley  the  slope  increases  abruptly,  reaching  25°, 
while  toward  the  mountain  there  is  a  gradual  increase  of  slope 
until  the  normal  inclination  of  the  mountain  side  is  attained. 
There  is  no  cliff  separating  the  terrace  from  the  mountain 
slope.     The  surface  of  the  two  benches  is  often  covered  with 

*  L«k\  oit..  p.  454. 

f  For  a  comparison  of  the  analyses  of  these,  and  other  inclosed  lakes,  «e 
Monograph  XI.  l\  S.  U.  S  Geological  Historv  of  Lake  Lahontan,  by  I.C.  Russell, 
Table  r.  J 

\  These  measurements  are  by  aneroid. 
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rounded  and  subangular  pebbles,  though  in  places  these  occur 
but  sparingly.  In  the  northernmost  part  of  the  ancient  lake 
basin  is  a  row  of  round  topped  hills,  stretching  five  or  six 
miles  from  the  mountain  border  on  the  west  and  nearly  span- 
ning the  valley.  These  hills  rise  fully  200  feet  above  the  level 
plain  at  their  feet,  and  are  covered  from  base  to  summit  with 
water-worn  gravel.  While  it  is  evident  that  these  vast  accu- 
mulations of  gravel  were  formed  by  the  waves  and  currents  of 
the  ancient  lake,  yet  it  is  not  clear  to  the  writer  how  they  ob- 
tained their  present  form.  The  supposition  that  an  ancient, 
and  once  continuous,  gravel  bar  or  embankment  has  been  cut 
to  its  base,  at  several  points,  by  lines  of  recent  drainage,  par- 
tially explains  the  peculiar  topography. 

Passing  to  the  extreme  northern  end  of  the  valley,  the  pass 
leading  to  Abert  Lake  is  found  to  be  lower  than  the  ancient 
beach  lines  and  gravel  accumulations  alluded  to.  At  the  divide 
in  this  pass,  and  thirty  or  forty  feet  above  the  lowest  point,  a 
considerable  quantity  of  water-worn  pebbles  may  be  seen  on 
the  hillside.  Taking  these  facts  into  consideration,  it  is  im- 
possible to  avoid  the  conclusion  that  when  Goose  Lake  Valley 
was  filled  to  its  highest  beach  line  its  waters  overflowed  this 
pass,  and  communicated  with  the  lake  north  of  it.  But  the 
ancient  shore  lines  cannot  be  traced  from  one  valley  to  the 
other,  owing  chiefly  to  the  broken  nature  of  the  country  ;  arid 
the  evidence  of  this  fact  is  not  as  clear  as  could  be  wished. 
When  the  pass  alluded  to  was  overflowed  it  must  have  formed 
a  narrow  strait,  of  no  great  depth,  connecting  two  large  bodies 
of  water.  Goose  Lake  found  an  outlet  at  its  southern  end, 
and  hence  this  strait  might  have  furnished  an  outlet  to  the 
ancient  lake  north  of  it,  by  which  it  could  discharge  its  sur- 
plus water.     This  question  will  be  referred  to  later  on. 

Although  Goose  Lake  does  not  at  present  overflow,  yet  a 
rise  of  but  a  few  feet  would  cause  its  waters  to  discharge  south- 
ward into  the  North  Fork  of  Pit  River,  and  thence  into  the 
Sacramento.  This  is  reported  by  Russell*  to  have  taken  place 
as  recently  as  1869,  and  again  for  a  short  period  in  1881. 
When  the  lake  stood  at  the  level  of  its  highest  beach  line,  it  is 
evident  that  the  valley  of  Pit  River  was  yet  to  be  cut ;  and  the 
depth  to  which  the  waves  eroded  the  mountain  side  shows  that 
for  a  long  time  the  lake  maintained  a  nearly  constant  level, 
and  nothing  was  accomplished  toward  deepening  the  channel 
of  discharge.  But  when  the  cutting  down  of  this  channel  com- 
menced it  must  have  been  comparatively  quickly  accomplished, 
as  is  shown  by  the  absence  of  beach  lines  at  lower  levels  than 
those  mentioned.  Perhaps  other  lakes,  on  the  lower  courses  of 
Pit  River,  had  first  to  be  drained ;  and  not  until  this  had  been 

*  Reconnaissance  in  Southern  Oregon,  p.  456. 
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effected  did  the  outflowing  waters  have  sufficient  fall  to  cany 
on  the  work  of  erosion.  Of  course  the  hypothesis  is  admissi- 
ble that  the  lake  had  at  first  no  outlet,  and  was  in  course  of 
time  tapped  by  a  stream  belonging  to  another  drainage  system, 
cutting  back  its  channel  across  the  divide.  Had  the  climatic 
conditions  of  a  former  period  continued  to  the  present  day,  the 
work  9f  deepening  the  channel  of  outflow  would  most  likely 
have  gone  so  far  as  to  completely  drain  the  valley,  and  leave 
only  marshes  and  meadows  in  place  of  the  present  water  body. 
But  before  this  task  was  accomplished  the  supply  of  water  was 
so  diminished  that  the  lake  disposed  of  it  all  by  evaporation, 
and  none  escaped  to  continue  the  cutting  down  of  the  outlet 

The  question  naturally  occurs,  did  the  great  lake  north  of 
this  also  cut  down  its  outlet  ?  But  as  there  is  no  evidence  of 
erosion  by  running  water  in  the  pass  mentioned,  which  was 
once  a  strait  connecting  the  two  water  bodies,  the  question 
must  be  answered  in  the  negative.  Naturally  nothing  could 
be  accomplished  toward  deepening  this  channel  until  the  level 
of  Goose  Lake  had  been  lowered  to  about  the  level  of  the  bot- 
tom of  the  strait  As  has  been  shown,  a  long  period  most  have 
elapsed  before  this  was  the  case;  and  if  at  the  end  of  this 
period,  the  humid  climate  of  Quaternary  times  was  giving 
place  to  the  later  aridity,  the  lake  would  have  no  surplus 
waters  to  discharge.  Indeed,  we  know  that  many  of  the  lakes 
of  this  region  never  overflowed,  even  during  the  periods  of 
greatest  humidity ;  and  with  a  large  surface  for  evaporation 
and  comparatively  small  tributary  drainage  area,  the  lake  in 
question  may  never  have  had  any  surplus  water  to  dispose  of. 

The  waters  of  Goose  Lake  do  not  appear  ever  to  have 
deposited  tufa.  The  existing  lake  is  very  nearly  fresh,  con- 
taining less  than  one  thousandth  of  solids  in  solution,  and  is 
inhabited  by  fish.  Unfortunately  there  are  no  good  exposures 
in  the  bed  of  the  ancient  lake,  and  the  character  of  its  sedi- 
ments is  unknown. 

'  South  of  the  region  just  described  is  a  basin,  drained  by  Pit 
Kiver,  known  as  Warm  Spring  Valley.  Although  the  district 
has  not  been  visited  by  the  writer,  vet  from  the  topography  it 
seems  safe  to  assume  that  this  vallev  has  also  contained  an 
ancient  lake  which  was  drained  by  the  cutting  down  of  its  out- 
let. When  the  surface  geology  of  this  region  shall  be  system- 
atically studied,  traces  of  many  extinct  lakes  hitherto  unnoticed 
will  no  doubt  be  found. 

The  next  region  to  which  these  notes  have  reference  is  Sur- 
prise Vallev,  Ivimr  in  the  northeast  corner  of  California.  This 
vallev  contained  a  Uuatemarv  lake  which  never  overflowed. 
Its  modern  representatives  are  three  shallow  lakes  occupying 
the  deepest  portions  of  the   basin,  and   known   respectively  as 


H. «/.  Biddle — Surface  Geology  of  Southern  Oregon.   481 

Upper,  Middle,  and  Lower,  Alkali  Lake.  During  the  summer 
these  lakes  often  dry  up  completely,  leaving  broad,  level 
stretches  of  fine-grained  yellow  mud.  When  visited  by  the 
writer  in  September,  1887,  the  middle  lake  was.  quite  dry,  the 
others  nearly  so.  The  water  in  the  upper  or  northernmost 
lake  was  found  to  be  a  strong  saline  and  alkaline  solution.  It 
contained  about  45  grams  of  solids  to  the  liter,  mostly  sodium 
chloride.  By  digging  into  the  mud  near  the  center  of  the 
middle  lake  the  following  section  was  obtained,  beginning  at 
the  surface :  4  feet  of  yellow  fine-grained  mud,  3  inches  of  line 
white  volcanic  dust,  3  feet  of  black  mud  smelling  of  hydrogen 
sulphide.  At  the  depth  of  seven  feet  the  hole  in  the  lake  bed 
filled  with  brine,  which  was  found  to  contain  about  38  grams 
of  salts  to  the  liter — mostly  sodium  chloride,  with  some  car- 
bonate and  sulphate.  This  shows  what  has  become  of  the  salts 
which  must  have  accumulated  during  a  long  period  in  the 
basin  of  the  ancient  lake.  But  a  fraction  of  the  total  amount 
exists  in  the  shallow  lakes  of  to-day;  the  greater  portion  must 
be  looked  for  in  the  brine  saturating  the  mud  beneath  them  to 
an  unknown  depth. 

The  existence  of  a  stratum  of  volcanic  dust  in  this  valley  is 
a  fact  of  interest  hitherto  unreported.  Similar  strata  occur 
among  the  sediments  of  the  ancient  Lake  Lahontan,  as  re- 
ported by  I.  C.  Russell.*  That  writer  regards  them  as  derived 
from  the  craters  about  Mono  Lake,  Cal.,  and  has  observed  such 
material  up  to  200  miles  from  the  supposed  place  of  eruption. 
The  middle  of  Surprise  Valley  is  about  250  miles  from  Mono 
Lake,  but  less  than  half  that  distance  from  the  volcanic  region 
of  Mt.  Shasta  and  Lassen's  Peak.  Further  observations  are 
necessary  to  determine  from  which  direction  the  volcanic  dust 
of  Surprise  Valley  was  derived.  There  seems  to  be  in  this  oc- 
currence evidence  of  very  recent  volcanic  activity.  The  time 
in  which  a  narrow  lake,  receiving  annual  supplies  of  sediment- 
laden  water  and  seolian  dust,  has  deposited  four  feet  of  mud  in 
its  bed,  can  hardly  be  very  great. 

The  region  next  to  be  considered  lies  on  the  border  of  the 
Great  Basin,  and  possesses  the  same  topographical  features  as 
the  valleys  previously  mentioned ;  but  now  belongs  partly  to 
the  hydrographical  area  of  the  Pacific.  This  is  the  region  em- 
braced in  the  valleys  of  Rhett  Lake,  and  the  Upper  and  Lower 
Klamath  lakes.  It  lies  partly  in  Oregon,  partly  in  California. 
The  whole  may  be  regarded  as  one  valley,  iormed  by  a  compli- 
cated system  of  faults,  with  a  nearly  level  fioor  on  which  the 
lakes  mentioned  lie.  Two  of  these  lakes,  the  Upper  and 
Lower  Klamath,  discharge  their  waters  by  way  of  the  Klamath 
River  into  the  Pacific,  while  Khett  Lake  on  the  other  hand 

*  Lake  Lahontan,  p.  146. 
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has  no  outlet  Bat  a  slight  rise  in  the  water  of  the  latter 
would  cause  it  also  to  become  tributary  to  the  Klamath  Biver, 
as  there  is  no  high  ground  between. 

There  seems  to  be  no  doubt  that  this  system  of  valleys  was 
occupied  by  a  large  lake,  which  has  been  nearly  drained  by  the 
cutting  down  of  its.  outlet.  The  writer  was,  nowever,  unable 
to  detect  any  beach  lines  which  would  show  the  extent  and 
depth  of  the  ancient  lake.  It  is  possible  that  it  was  so  shallow 
that  its  waves  had  little  force,  and  left  no  trace  of  their  action. 
But  fortunately  the  sediments  in  its  bed  are  in  places  exposed. 
Lost  River,  an  affluent  of  Rhett  Lake,  has  cut  its  channel  into 
the  floor  of  the  valley  to  the  depth  in  places  of  40  feet.  A 
bluff  on  the  south  side  of  this  stream,  about  10  miles  southeast 
of  the  town  of  Linkville.  shows  a  good  section  of  the  lake  beds. 
They  are  seen  to  consist  chiefly  of  a  light  gray,  tine-grained 
earth,  which  at  first  sight  might  be  talcen  for  chalk.  Inter- 
stratified  with  this  are  occasional  layers,  but  a  few  inches  thick, 
of  sand  and  pebbles  with  a  ferruginous  cement. 

When  the  earth  forming  the  mass  of  these  deposits  is  exam- 
ined under  the  microscope  it  is  seen  to  consist  wholly  of  infu- 
sorial remains.  It  is  homogeneous  and  of  exceedingly  fine 
texture;  compact  enough  to  form  steep  bluffs,  but  in  small 
lumps  easily  crushed  between  the  fingers.  It  is  so  light  as  to 
float  for  a  moment  in  water,  and  adheres  slightly  to  the  tongue. 
The  strata  dip  about  northeast,  or  toward  the  mountains,  at  an 
angle  of  12°.  This  dip  maybe  due  to  deposition  in  inclined 
layers ;  but  in  that  case  one  would  expect  to  find  the  slope  in 
the  opposite  direction,  or  toward  the  middle  of  the  valley. 
Without  more  extended  observations  it  can  not,  however,  be 
maintained  that  a  tilting  of  these  beds  has  taken  place.  At 
the  top  of  the  bluff  they  are  seen  to  be  overlaid  by  a  horizontal 
layer  of  gravel,  containing  rounded  lumps  of  the  infusorial  earth. 

A  system  of  joints  extends  through  the  beds  in  a  plane 
about  parallel  to  the  strike  and  at  right  angles  to  the  dip.  For 
a  considerable  distance  the  channel  of  Lost  River  lies  in  the 
infusorial  beds,  and  wherever  exposed  the  jointing  is  a  notice- 
able feature.  The  same  material  may  be  traced  for  about  10 
miles  along  the  northeast  edge  of  the  basin  in  which  Linkville 
lies ;  the  total  extent  of  the  deposit  is  yet  to  be  determined. 

Mr.  ,1.  S  Piller,  of  the  V.  S.  Geological  Survey,  has  called 
attention*  to  similar  infusorial  deposits  on  Pit  River  and  the 
lower  courses  of  the  Klamath.  They  occur,  as  in  this  case,  in 
the  beds  of  extinct  lakes.  The  writer  desires  to  express  hk 
obligation  to  Mr.  Kussell.  of  the  U.  8.  Geological  Survey,  for  hi? 
kind  assistance  and  advice;  to  Dr.  Chatard,  of  the  Survey,  for 
his  analysis  quoted;  anil  t<»  Mr.  Merrill,  of  the  IT.  S.  National 
Museum,  for  the  microscopic  determination  of  volcanic  dust. 

*  r.  S.  G.  S.  Mineral  Resources.  1SSG.  p.  533. 
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Art.   XLII. — Some  Nickel  Ores  from  Oregon ;  by  F.  W. 

Clarke. 

In  or  about  the  year  1881,  extensive  deposits  of  nickel  sili- 
cates were  discovered  in  Douglas  County,  Oregon  In  appear- 
ance, the  ores*  are  identical  with  the  so-called  "  garnierite  "  and 
u  noumeaite  "  of  New  Caledonia,  and  many  specimens  bearing 
those  names  have  found  their  way  into  collections  of  minerals. 
At  present,  the  deposits  at  Riddle,  Oregon,  are  being  worked 
by  the  Oregon  Nickel  Company,  and  through  the  kindness  of 
Mr.  Will  Q.  Brown,  an  admirable  series  of  the  ores  was  re- 
cently sent  to  the  United  States  Geological  Survey  for  investi- 
gation. According  to  Mr.  Browa  the  deposits  all  lie  at  or 
near  the  surface,  in  beds  from  four  to  thirty  feet  thick.  Min- 
ing is  carried  on  through  open  cuts  or  quarries,  and  no  second 
bed  has  ever  been  founa  underlying  the  first. 

The  specimens  at  my  disposal  represent  a  wide  range  of 
appearances.  They  include  samples  of  the  country  rock  and 
of  the  associated  chromite,  and  the  nickel  silicates  themselves 
vary  much  in  color  and  texture.  The  finest  specimens  are 
bright  apple  green,  and  quite  compact,  and  from  this  they 
range  through  duller  shades  into  masses  of  distinctly  earthy 
texture.  Most  of  them  are  intermixed  with  oxides  of  iron 
and  with  quartz,  and  even  the  purest  mineral,  like  the  garnier- 
ite of  New  Caledonia,  is  seamed  with  thin  sheets  of  chalced- 
ony. All  of  the  nickel  bearing  samples  are  much  decom- 
posed ;  and  one  particularly  beautiful  specimen  is  distinctly  a 
conglomerate  or  breccia,  having  nodules  of  the  green  ore  im- 
bedded in  it  side  by  side  with  pebbles  and  fragments  of  other 
material.  Like  all  the  nickel  silicates  which  have  been  so  far 
observed  in  nature,  these  ores  are  unmistakably  products  of 
alteration  ;  and  the  problem  of  their  genesis  is  somewhat  inter- 
esting. For  comparison  with  them  I  had  a  suite  of  the  New 
Caledonia  minerals,  received  from  Professor  Liversidge,  and  a 
large  series  of  the  genthites  from  Webster,  N.  C,  collected 
last  summer  by  Mr.  "W.  S.  Yeates.  All  three  localities  have 
much  in  common,  and  the  three  sets  of  specimens  point  clearly 
to  one  conclusion,  which  will  be  stated  farther  on  after  the  evi- 
dence for  it  has  been  presented. 

In  composition,  the  nickel  silicates  from  any  locality  vary 
widely ;  for  the  earthy  nature  of  the  material  renders  it  im- 
possible to  secure  anything  like  a  homogeneous  substance  for 
analysis.  The  purest  specimen  of  the  Kiddle  ore  was  dark 
apple  green,  compact,  and  amorphous ;  but  so  permeated  with 
films  of  silica  that  a  definite  mineral  could  not  be  isolated. 
With  the  best  material  obtainable  I  secured  the  following  re- 
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suits ;   which  I  give  side  by  side  with  two  published  analyses 
by  Hood,*  in  order  to  show  the  variations. 

Clarke.  Hood.  Hood. 

Loss  at  110°  C 8-87  \  ~ftQ  *.nn 

T  •  •*•  a    rv/v    r  O  DO  4    W 

Loss  on  ignition 6*99  ) 

AlaO,  +  FeaO, 118  1-38  1'33 

SiO    44-73  4821  '    40'55 

MgO 10*56  1990  21-70 

NiO 27-57  23-88  29*66 

99*90  100-00  100-24 

Neither  lime,  sulphates,  chromium,  nor  cobalt  could  be  de- 
tected. Like  the  New  Caledonia  garnierite,  the  fragments  of 
this  silicate  fell  to  pieces  when  immersed  in  water. 

Of  the  New  Caledonia  silicates  many  analyses  have  been 
published,  notably  by  Liversidge  and  Leibius,  Typke,  Damour, 
Garnier  and  Ulrich,  and  they  vary  between  widely  separated 
extremes.  Not  only  are  there  the  variations  due  to  mutual 
replacements  of  nickel  and  magnesia,  with  a  range  in  the  per- 
centage of  NiO  from  0*24  to  45*15  per  cent,  but  there  are  also 
great  differences  in  silica  and  in  hydration.  It  is  therefore 
impossible  to  say  whether  we  have  to  deal  with  one  nickel  salt, 
varying  only  in  its  impurities,  or  with  several  compounds: 
although  the  general  similarity  of  the  material  from  different 
localities  renders  the  former  supposition  the  more  probable. 
According  to  Ulrichf  the  noumeaite  and  garnierite  consist  of 
a  soapstone-like  base,  with  a  hydroxide  or  silicate  of  nickel  dis- 
tributed through  it  in  veins  and  patches ;  while  Des  CloizeauxJ 
regards  noumeaite  as  a  magnesian  hydrosilicate  impregnated 
with  nickel  oxide.  The  latter  view,  however,  is  hardly  prob- 
able, especially  when  we  consider  the  origin  of  the  minerals; 
and  TypKejJ  has  cited  evidence  against  it.  The  prevalent  opin- 
ion, that  we  have  to  deal  with  one  or  more  definite  hydrosili- 
cates  of  nickel,  is  best  sustained  by  careful  comparative  study 
of  the  specimens,  even  though  the  salts  may  not  be  obtained 
pure  or  positively  formulated.  The  reciprocal  variation  of 
nickel  and  magnesia  in  more  than  twenty  published  analyses, 
excludes  from  further  consideration  the  idea  that  the  nickel  is 
present  to  any  great  extent  as  hydroxide.  For  temporary  con- 
venience we  may  use  the  well-recognized  name  i%  genthite " 
generically,  and  apply  it  to  all  the'  nickel  silicates  from  the 
above-named  localities. 

Of  the  •*  country  rock  v  surrounding  the  Oregon  beds  one 
large,  clean,  fresh  specimen  was  received.     This  was  subjected 

*  Mineral  Resources  of  the  United  States  for  1883. 
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to  analysis,  and  also,  through  the  kindness  of  Mr.  J.  S.  Diller, 
to  careful  microscopic  study.  The  olivine  separated  from  it  by 
Mr.  Diller  was  analyzed  as  well,  although  the  material  was  not 
absolutely  free  from  enstatite  and  chromite,  and  both  analyses 
are  here  presented  together. 

Rock.  Olivine. 

Ignition 441  '57 

SiO, 41-43  42-81 

AlaO, -04 

Cr9Os -76  -79 

FeaO, 2-52  2-61 

FeO 625  7-20 

NiO -10  -26 

MnO none  none 

CaO 1  -55  none 

MgO 43-74  45-12 

0 

99*80  99*36 

It  will  at  once  be  seen  from  these  data  that  the  rock  con- 
tains nickel,  and  that  the  olivine  separated  from  it  contains 
even  a  larger  proportion.  This  fact  suggests  a  probable  source 
of  derivation  for  the  nickel  in  the  altered  beds  of  ore,  and  this 
view  is  maintained  by  the  microscopic  investigation.  Con- 
cerning the  latter,  Mr.  Diller  reports  as  follows,  discussing 
both  the  rock  and  the  genthite. 

14  The  high  specific  gravity  and  dark  yellowish  green  color 
of  the  country  rock  with  which  the  genthite  is  associated  at 
Riddle,  Oregon,  at  once  suggests  that  it  belongs  to  the  perido- 
tites,  and  such  it  is  proved  to  be  by  investigation.  It  is  a  holo- 
crystalline  granular  rock,  composed  essentially  of  olivine  and 
enstatite  with  a  small  percentage  of  accessory  chromite  and 
magnetite.  The  olivine  predominates,  so  that  the  enstatite 
forms  less  than  one-third  of  the  mass.  Both  of  these  minerals 
are  clear  and  colorless,  but  may  be  readily  distinguished  by 
their  cleavage  and  optical  properties.  They  are  allotrio- 
morphic,  i.  e.  not  bounded  by  crystallographic  planes,  and  do 
not  contain  prominent  inclusions,  excepting  a  few  grains  of 
chromite  and  magnetite  and  fine  ferritic  dust.  Notwithstand- 
ing the  comparatively  fresh  condition  of  the  rock,  to  which, 
according  to  Wadsworth,  the  name  Saxonite  may  be  applied,  it 
is  completely  permeated  by  a  multitude  of  cracks  filled  with 
serpentine  resulting  from  alteration.  Quartz  also  results  from 
the  metasomatic  changes  in  the  saxonite,  and  wherever  the 
genthite  occurs  it  is  always  associated  with  either  quartz  or 
serpentine." 

"  The  genthite  from  Oregon  varies  in  color  from  green  to 
pale  apple  or  yellowish  green  in  reflected  light,  and  is  compact 


486       F.W.  Clarke— &»      Nickd  Ores  from  Oregon. 

with  a  faint  suggestion  of  tine  granular  structure.  General!* 
Jt  is  doll,  bot  where  most  compact  and  traversed  by  a  scries  of 
minute  fissures  or  Beams  of  quartz  it  has  a  decidedly  waxy 
luster.  Under  the  micro  ■!■  it  usually  appears  to  be  an 
aggregation  of  irregular  grains  which  have  in  transmitted  Bghf 
a  pale  yeliowishgreen  to  uoffee-bi-own  color,  and  a  peculiarly 
clouded  waxy  aspect  Where  the  grains  are  very  thin  the 
geuthite  may  be  said  to  he  transparent  and  isotropic,  but  the 
majority  of  them  are  only  translucent.  In  the  narrow  seam 
of  ■  geuthite  lying  between  seauuaof  quartz  the  former  is  indis- 
tinctly fibrous  and  feebly  doable-retracting ;  but  its  system  of 
l.  crystallization  eoold  not  be  defi- 

nitely determined.  In'  small 
veins  it  is  free  from  grains  of 
other  minerals,  bat  elsewhere  it 
Is  very  intimately  commingled 
with  quartz.  The  relation  of' 
i  the  two  minerals  is  shown  in 
|  the  accompanying  figure  1,  in 
which  the  shaded  portion*  (S) 
b  genthite,  and  the  clear 
„ e  (I)  are  quart*.  The  com, 
mingling  of  the  two  minerals  it 
so  Intimate  as  to  make  ft  evident 
that  both  were  deposited  from 
solution  in  circulating  waters.  Veinlets  of  quartz  are  fre- 
quently found  cutting  across  those  of  genthite,  and  in  general 
it  appears  to  be  true  that  the  latter  mineral  was  laid  down  first, 
although  it  is  probable  that  both  were  precipitated  at  about  the 
same  time.  Although  the  purest  genthite  is  to  be  fonnd  with 
quartz,  the  mineral  is  more  commonly  associated  with  serpen- 
tine ;  and  this  relation  is  a  most 
important  one  in  its  genetic 
significance.  The  accompany- 
ing figure  2  represents  the  edge 
■  of  one  of  the  larger  veins  of  gen- 
thite (3),  with  numerous  vein- 
lets  or  fissures  extending  out 
into  the  serpentine  (2).  The 
tributaries  are  abundant  on  both  aides  of  the  vein.  Figure  3 
shows  a  vein  of  genthite  (3)  in  the  serpentine  (2),  which  en- 
velopes small  masses  of  residuary  oxide  of  iron  (1),  left  by 
the  decomposing  olivine.  The  area  represented  is  only  0*64 
of  a  millimeter  in  diameter  and  contains  no  olivine ;  but  lev 
than  half  a  millimeter  from  the  boundary  of  the  vein  much 
olivine  still  remains,  although  deeply  coated  with  oxide  of 
iron  and  serpentine.     The  branching  streamlets  from  the  vein 
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of  genthite,  together  with  the  manner  in  which  the  arras  grad- 
ually fade  away  into  the  serpentine  at  once  suggests  the  Bource 
from  which  the  genthite  has  heen  drawn.  The  genthite  and 
serpentine  are  thoroughly  intermingled,  but  the  former  is  gen- 
erally present  in  such  small  3. 
quantities  as  to  be  overlooked  un- 
less it  is  the  object  of  special 
research.  It  occurs  in  the  ser- 
pentine directly  connected  with 
the  grains  of  olivine  from  i 
which  the  serpentine  has  been 
derived,  and  tnere  is  every  rea-  L 
son  to  believe  that  the  genthite  1 
came  from  the  same  source."        * 

In  order  to  secure  completer 
confirmation  of  the  idea  that 
the  nickel  of  the  greater  silicate 
deposits  is  derived  from  the 
alteration  of  nickeliferous  olivine,  Mr.  Diller  at  my  request, 
also  examined  specimens  from  Webster,  N.  C,  and  from  New 
Caledonia.  Concerning  the  Webster  genthite  Mr.  Diller  re- 
ports that  "  it  is  almost  identical  with  that  from  Oregon,  ex- 
cepting that  it  is  not  so  thoroughly  intermingled  with  quartz. 
The  relation  of  the  genthite  to  the  serpentine  and  the  olivine 
at  the  Webster  locality  is  exactly  the  same  as  at  Riddle.  The 
rock  at  Webster  differs  slightly  from  that  at  Riddle  in 
containing  a  smaller  proportion  of  enstatite,  and  belongs  to 
the  peridotites  to  which  the  name  'dunyte'  has  been  ap- 
plied" He  also  finds  the  New  Caledonia  mineral  to  be  iden- 
tical with  genthite  in  its  physical  properties,  and  says — 
"Under  the  microscope  it  varies  from  pale  yellowish  green 
to  light  coffee-brown,  and  is  either  completely  isotropic  or 
exhibits  only  faint  aggregate  polarization.  Like  the  genthite 
of  Oregon  it  is  deposited  in  layers  and  cavities  thoroughly 
intermingled  with  quartz,  and  in  the  same  thin  section  may  be 
seen  serpentine  with  traces  of  olivine  and  enstatite  so  disposed 
as  to  clearly  indicate  that  the  serpentine,  noumeaite,  and  other 
secondary  products  have  resulted  from  the  alteration  of  perido- 
tite."  This  observation  confirms  the  earlier  one  of  Des  Cloi- 
zeaux  (1.  c),  who  stated  that  the  noumeaite  was  imbedded  in  a 
serpentine  rock  which  appeared  to  be  derived  from  olivine,  and 
which  contained  crystals  of  the  latter  mineral  plentifully  dis- 
seminated through  it.  A  similar  suggestion  is  made  by  Mr. 
H.  J.  Biddle,*  who  regards  the  nickel  of  the  Webster  deposits 
as  an  original  constituent  < of  the  olivine  rock,  and  cites  an  ex- 
periment of  Mr.  G.  B.  Hanna,  who  found  0"15  per  cent  of 
nickel  oxide  in  a  chrysolite  from  Waynesville,  N.  C. 

*  Mineral  Rasourcw  of  the  U.  5-,  1886. 
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So  far,  the  case  appears  to  be  clearly  and  conclusively  settled 
as  to  the  origin  of  tne  nickel  silicates  under  discussion.  Nickel 
is  almost  always  present  in  small  quantities  in  olivines,  and  T. 
Sterry  Hunt,  in  reporting  genthite  from  Michipicoten  Island* 
calls  attention  to  the  fact  that  the  metal  is  rarely  absent  from 
the  serpentines,  steatites,  diallages,  and  actinolites  of  the  Quebec 
group.  Nevertheless,  one  other  possible  source  of  nickel  must 
be  noticed.  Roth,t  in  speaking  of  the  genthite  from,  the 
chrome  mines  of  Pennsylvania,  attributes  it  to  the  alteration 
of  nickelifqrous  chromite ;  and  the  almost  universal  association 
of  the  latter  mineral  with  genthite,  renders  the  view  deferr- 
ing of  attention.  But  it  must  be  remembered  that  chromite 
alters  with  great  difficulty,  while  olivine  decomposes  with  ex- 
treme ease;  and  morever  the  genthite  from  Oregon  contained 
no  chromium,  although  that  metal  was  diligently  sought  for. 
Furthermore,  Mr.  DiUer  examined  some  of  the  chromite  from 
the  Riddle  mines,  and  found  that  although  it  was  penetrated 
by  crevices  filled  with  secondary  minerals  containing  genthite, 
the  chromite  itself  showed  no  evidence  of  alteration. 

Concerning  the  other  silicates  of  nickel,  described  under  the 
names  of  pimelite,  alipite,  conarite,  rottisite,  refdanskite,  etc, 
little  need  here  be  said.  Some  of  them  are  probably  similar  in 
origin  to  the  better  known  genthite,  although  the  conarite  and 
rottisite,  which  contain  small  amounts  of  sulphur  and  arsenic, 
probably  came  from  nickeliferous  sulphides.  For  the  other 
minerals  above  named  there  is  too  little  evidence  upon  record 
to  warrant  any  serious  attempt  at  discussion. 

Laboratory  U.  S.  Geological  Survey,  March,  1888. 


Art.  XLIII. — Note  on  the  Secondary  Enlargement  of  Augite* 
in  a  PeridotiU  from  Little  Deer  hie,  Maine  /  by  George 
P.  Merrill. 

While  engaged  in  the  study  of  sections  of  a  peridotite 
from  Little  Deer  Isle  in  Penobscot  Bay  on  the  Maine  coast, 
the  writer  observed  certain  peculiarities  of  the  augitic  constit- 
uent which,  if  rightly  interpreted,  seem  worthy  of  notice  in 
the  columns  of  this  Journal. 

The  rock  consists  essentially  of  cflivine  and  augite,  with 
accessory  magnetite,  chromite,  apatite,  and  rarely  a  plagio- 
clase  feldspar  (?)  It  therefore  belongs  to  the  variety  of  peri- 
dotites  which  Professor  Rosenbusch  designates  aapicrite. 

*  Report  Qeol.  Survey  of  Canada,  1863,  p.  506. 
f  Allgem.  und  Chem.  Geologie,  Tol.  i,  p.  216,  1879. 
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Olivine  is  tbe  prevailing  constituent  and  in  nearly  every 
case  examined  has  gone  over  completely  into  serpentine.  The 
augite,  which  is  the  only  constituent  to  which  particular  atten- 
tion need  here  be  called,  is  of  the  normal  type,  of  a  faint 
yellow  or  wine  red  color  in  the  thin  section,  and  gives 
maximum  extinction  angles  on  clinopinacoidal  sections  of  40°. 
The  mineral  occurs  in  the  form  of  broad  plates  with  deep, 
rounded  embayments  and  in  long  armlike  forms  reaching 
oat  and  enfolding  the  altered  olivines,  the  peculiar  habit  of 
the  mineral  in  acting  as  a  binding  constituent  being  here  die- 
played  in  its  best  development.  On  casual  inspection  by  ordi- 
nary light  the  mineral  presents  no  features  other  than  of  the 
ordinary  type,  the  rounded  forms  of  the  altered  olivine  abut- 
ting closely  against  the  fresh  augite,  while  the  line  of  separa- 
tion is  perfectly  sharp  and  distinct  as  I  have  attempted  to  show 
in  figs.  1  and  2.     Here  the  portions  marked  (a)  and  bounded 
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by  the  heavy  wavy  line  represent  in  each  figure  a  single  augite 
individual.*  More  careful  inspection,  however,  shows  that  in 
nearly  every  instance  the  augite  is  surrounded  more  or  less 
completely  by  a  narrow  and  extremely  irregular  colorless 
border  which  projects  in  the  form  of  sharp  teeth  or  tongue- 
like prolongations  for  a  considerable  distance  into  the  serpen- 
tine (olivine)  granules.  This  is  shown  by  the  portions  marked 
if)  in  the  figures  and  is  very  noticeable  when  the  section  is 
viewed  between  crossed  nieols.  This  irregular  border  I  am 
inclined  to  consider  as  a  true  secondary  growth,  formed  since 
the  consolidation  of  tbe  rock  and  analogous  to  the  homblendic, 
feldspathic  and  quartzose  enlargements  described  by  F.  Becke,f 
IrvingJ  and  Van  Hise.§ 

*Id  fig.  1  the  rock  has  been  fractured  and  re-cemented  by  as  r  pen  tine.  The 
portions  in  the  upper  left  and  lower  right  field  forming  originally  one  crystal. 

f  Mia.  u.  Petr.  Mittheil.,  vol.  v,  1883.     }  Bull.  TJ.  3.  Qeol.  Survey,  No.  S,  188*. 

§  Thi»  Journal,  May,  1887. 


490       6.  P.  Merrill— New  Meteorite  from  California. 

I  am  led  to  these  ntmnhmtnWI  from  a  consideration  of  the 
following  facts:  (1.)  It  would  seem  very  improbable  that  the 
'Wgite  first  separata!  from  the  molten  ruagma  in  sneh  irregu- 
Jar  forme;  (2.)  The  original  outline  of  the  augite  is  perfectly 
sharp  and  smooth,  eminently  characteristic  of  augiths  outline 
in  this  clat  of  rocks ;  (3.)  The  new  portion  is  much  the  lighter 
in  color  being  in  fact  so  nearly  colorless  as  at  first  to  be  wholly 
overlooked  when  examining  the  section  by  ordinary  light;  [4.) 
It  projecte  in  very  irregular  imd  jagged  forms  into  the  serpen- 
tiniaed  olivine  (c  in  the  figures),  tndeed  its  appearance  it 
Saab  SB  to  suggest  that  not  only  was  its  formation  subsequent 
to  the  consolidation  of  the  rock,  but  that  it  is  an  accompani- 
ment of  tlie  alteration,  the  sharp  tooth-like  edges  projecting 
into  the  olivines  along  the  curvilinear  lines  of  fracture  much 
like  the  ordinary  beginnings  of  serpen tinizati on.  The  new 
growth,  it  should  be  stated,  possesses  in  all  cases  the  RUM 
Ojystallographie  orientation  as  the  original,  the  entire  mass  es- 
ungnifihing  simultaneously  between  crossed  nicols  when  iu  the 
position  indicated  in  tlie  figures.  The  new  portion  is  there- 
fore not  a  secondary  hornblende  such  as  Mr.  Van  Hise  hat 
shown  occurring  as  h  secondary  growth  on  the  angites  of  cer- 
tain Wisconsin  diabases. 

The  figures  given  were  drawn  with  the  aid  of  a  camera 
Incida  and  show  correctly  the  relative  width  of  the  border* 
and  the  primary  angites  in  two  rather  pronounced  cases.  No 
attempt  has  been  made  to  draw  in  the  serpentine  portions 
of  the  slide,  the  mineral  being  merely  indicated  by  the  dotted 
areas  (c)  in  the  figures.  The  black  opaque  spots,  it  is  scarcely 
necessary  to  say,  represent  magnetite. 

The  writer  wishes  here  to  acknowledge  his  indebtedness  to 
Dr.  G.  H.  Williams,  under  whose  instruction  this  and  other 
rocks  soon  to.be  described  were  studied  during  the  winter  of 
1887-88  in  the  laboratories  of  the  Johns  Hopkins  University. 

National  Museum,  Washington.  Feb.  IS,  18B8. 


Art.  XLIV. — On  a  New  Meteorite  from  the  San  Emigdio 
Ramie,  San  Bernardino  County,  California  ,■  by  George 
P,  Merrill. 

The  fragments  of  the  meteorite  briefly  described  below 
were  given  the  writer  in  March,  1887,  by  Mr.  Thomas  Priee, 
the  well-known  Assayer  and  Bullion  Melter  of  San  Francisco, 
California.  The  stone  was  stated  by  Mr.  Price  to  have  been 
found  by  a  prospector  in  the  San  Emigdio  Mts.,  and  to  have 
been  sent  him  for  assaying,  it  being  mistaken  for  an  ore  of 
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one  of  the  precious  metals.  Unfortunately,  before  its  true 
nature  was  aiscovered  the  entire  sample  received  was  put 
through  a  crusher  and  hence  pieces  larger  than  of  a  few  grains 
weight  are  unobtainable. 

To  the  unaided  eye  the  stone  is  of  a  dull  reddish  brown 
color  and  shows  an  irregular  fracture,  presenting  on  casual 
examination  nothing  indicative  of  its  meteoric  origin.  A  pol- 
ished surface  however,  at  once  reveals  its  true  nature. 

The  stone  belongs  to  the  chondritic  variety  of  meteorites 
and  in  thin  sections  under  the  microscope  is  seen  to  be  com- 
posed of  olivine  and  enstatite  chondri  rarely  more  than  one  or 
two  millimeters  in  diameter,  imbedded  in  a  base  the  structural 
features  of  which  are  greatly  obscured  by  stains  of  iron  oxide. 
It  is  apparently  composed  of  the  same  substances  as  the  chon- 
dri themselves,  but  in  a  f ragmental  and  finely  divided  condition. 
The  chondri  are  often  of  irregular  and  angular  form  and  show 
every  indication  of  being  themselves  fragments  of  some  pre- 
existing meteorite  rather  than  mere  products  of  rapid  crys- 
tallization. Nickeliferous  iron  constitutes  6*21  per  cent  by 
weight  of  the  stone  and  occurs  in  the  forms  of  lumps  and 
irregularly  outlined  areas  often  partially  surrounding  the  chon- 
dri and  acting  to  some  extent  as  a  binding  constituent.  It  is 
closely  associated  with  pyrrhotite.  There  is  also  present  in 
very  minute  crystals  a  colorless,  polysyntheticaJly  twinned 
mineral  which  is  presumably  a  monoclinic  pyroxene.  The  mi- 
nuteness of  the  crystals  and  their  imperfect  outlines  renders  a 
satisfactory  determination  impossible. 

An  analysis  of  the  stone  by  Mr.  J.  E.  Whitfield  of  the  IT.  S. 
Geological  Survey  yielded  results  as  follows : 

Metallic  portion 6*21  per  cent. 

Soluble  in  dilute  HC1 * 51-26 

Insoluble        "  42-23 

The  metallic  portion  yielded  iron  88*25  per  cent;  nickel 
11/27  per  cent;  cobalt  0*48  per  cent  The  portion  soluble  in 
HOI  includes  the  olivine,  iron  oxides  and  pyrrhotite;  the 
insoluble  portion  includes  the  enstatite  and  twinned  pyroxene. 
The  great  amount  of  oxidation  which  the  metallic  portion  has 
undergone  renders  both  chemical  and  microscopic  examinations 
far  from  satisfactory.  Nevertheless  as  the  stone  presents  very 
interesting  structural  features  it  has  been  my  intention  to 
describe  it  in  detail  as  soon  as  proper  drawings  could  be  pre- 
pared for  illustration.  In  view  of  the  fact,  that  the  paper  lias 
already  been  delayed  several  months  it  is  deemed  best  to 
devote  a  little  space  to  the  subject  here.  I  hope  to  give  a 
more  complete  description  in  the  near  future. 

National  Museum,  Washington,  Feb.  15,  1888. 

Am.  Jour.  8ol— Thibd  SBRiEa— Vol.  XXXV,  No.  210.— June,  1888. 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physic& 

1.   On  the  JRelcUive  Size  of  Molecules. — An  attempt  has  been 

made  by  Jagkr  to  determine  the  relative  diameters  of  some  of 

the  elementary  molecules  and  of  certain  atomic  groups,  based 

upon  Kohlrausch's  investigations  on  the  electric  conductivity  of 

certain  metallic  hydrates  and  salts  in  aqueous  solution^    If  in  t 

cylinder  of  unit  length  and  unit  cross  section  of  such  a  solution 

there  are  m  molecules ;  then,  the  electromotive  force  along  the 

axis  being  unity,  we  may  represent  by  V  the  velocity  with  which 

the  kathion  will  be  propelled  in  the  one  direction,  and  by  U  the 

velocity  of  the  anion  in  the  other.     If  e  represent  the  quantity  of 

positive  or  negative  electricity  belonging  to  each  molecule   the 

coefficient  of  conductivity  k  will  equal  (w+^)m,  in  which  *U=« 

and  sV=v;  and  the  specific  molecular  conductivity  A  will  be 

v 
equal  tow+u.     But,  according  to  Hittorf, =n,  in  which  n  is 

the  number  of  molecules  passing  through  unit  space  in  unit  time. 
Hence  w=(l—  n)X  and  v=n\.  Since  the  molecules  of  the  ions 
have  a  certain  velocity,  they  must  meet  in  unit  time  a  certain 
number  of  molecules  of  a  different  kind  moving  in  the  opposite 
direction ;  and  therefore  they  will  require  energy  to  overcome  the 
resistance,  proportional  to  their  rate  of  passage.  Assuming  the 
molecules  to  be  spheres,  and  assuming  the  solution  so  dilute  that 
no  interaction  takes  place  between  the  molecules  of  the  dissolved 
substance;  then,  if  the  number  of  molecules  in  unit  volume  is  nr, 
and  if  a  molecule  of  radius  r  passes  in  a  certain  direction  through 
an  environment  of  molecules  whose  radius  is  p,  we  have  r  +  p=K, 
by  resolving  the  forces  in  two  directions.  The  result  is  the  same 
if  the  radius  of  the  moving  molecule  is  R  and  the  molecules  of 
the  environment  are  mathematical  points.     If  for  one  given  mole 

C  C 

cule  we  have  v=rr-t=- in  which  C  is  a  constant  of  integra- 
ls     (r  +  p)  6 

Q 

tion:  while  for  another  molecule  v'=— y- — -•  then,  dividing  the 

v      (r'-\-ri)% 

first  formula  by  the  second,  we  have  -7=7 ^   from  which 

v      (r  +  p)* 

r=(r'  +  p)y p.     Substituting  in  this  equation  the  values  for 

the  relative  velocities  determined  by  Kohlrausch,  and  using  to 
find  r'  and  p,  the  diameters  of  the  molecules  of  water  and  chlorine 
as  calculated  by  O.  Meyer;  i.  e.  for  water  96X10~»  and  for  chlo- 
rine 44X10"8  centimeters,  the  value  of  U  for  water  being  49, 
Jager  has  obtained  the  formula  for  calculating  the  diameter  of  a 

.      ,      A  /960400  .  ,      . 

given  molecule  a=y 44,  the  values  obtained  being  ex- 
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pressed  in  10~~*  centimeters.    The  following  are  the  results  ob- 
tained. 

H      *H,       I        Br    (CN)    CI      K   (NH4)  (NO,)  (CIO,)    *K,    *(S04)    Ag 
15      32      91      91     95     96     97     99     100     111      111     111     111 

4(NH4),  *(CO,)  iAg,      Na        P        *Ba     *Cu      *Sr       *Ca     *Mg  (0,H,O,) 
117      119     129     132     135     138     138     141     148     160      160 

*Na,        *(SO«)  Li  *Zn  *Mg  *Zn  *Cu  *Li 

165         165*         170         175         218*         239*         239*         251* 

The  values  marked  with  a  star  were  obtained  from  the  electric 
conductivity  of  magnesium,  copper,  and  zinc  sulphates.  It  will 
be  noted  that  not  only  do  the  linear  dimensions  of  molecules  vary 
very  widely,  but  that  the  diameter  of  a  double  molecule  is  greater 
than  twice  that  of  a  single  molecule ;  a  necessary  result  of  uniting 
two  equal  spheres.  Moreover,  the  values  for  allied  elements  are 
nearly  the  same ;  as  in  the  group  chlorine,  iodine  and  bromine ; 
or  barium,  strontium  and  calcium.  Again  if  the  number  of  mole- 
cules in  unit  volume  is  proportional  to  the  molecular  volume,  then 
by  multiplying  this  volume  by,  the  molecular  weight,  we  should 
obtain  values  proportional  to  the  densities  of  the  elements  con- 
cerned. Since  this  relation  does  not  hold  good,  except  for  closely 
allied  elements,  it  follows  that  the  ultimate  particles  of  different 
molecules  are  differently  arranged. — Monatsheft,  viii,  498-507 ; 
J.  Chem.  Soc,  liv,  Abstr.  217,  March,  1888.  g.  f.  b. 

2.  On  the  Chemical  Decomposition  produced  by  Pressure. — The 
researches  of  Spring  have  shown  that  many  substances  which 
exert  no  action  upon  each  other  at  atmospheric  pressure,  may  be 
made  to  combine  more  or  less  completely  if  subjected  to  a  press- 
ure sufficient  to  cause  a  perceptible  condensation.     Since  the  sub- 
stances experimented  with  had  a  smaller  volume  after  union  than 
that  of  their  constituents,  it  became  an  interesting  question  to 
ascertain  whether,  in  the  case  of  a  substance  whose  volume  is 
greater  than  that  of  its  constituents,  the  temperature  of  conver- 
sion can  be  lowered  by  pressure.     Spring  and  van't  Hopp  have 
;  examined   this   action  by  submitting  finely  pulverized  copper- 
calcium  acetate  to  a  pressure  of  6000  atmospheres  at  a  tempera- 
ture of  16°.     The  powder,  though  reduced  to  a  crystalline  mass 
resembling  marble,  showed  no  sign  of  decomposition.    It  was  then 
subjected  to  the  action  of  a  screw  press  at  a  temperature  of  40°. 
The  results  were  marked,  three-quarters  of  the  mass  being  lique- 
fied, and  becoming  solid  again  when  the  pressure  was  removed. 
The  sides  of  the  containing  vessel  were  covered  with  a  coating  of 
copper  and  small  leaves  of  copper  could  be  picked  out  of  the 
mass.     The  dark  blue  of  the  acetate  had  changed  to  green,  inter- 
spersed with  white  points  indicating  the  separation  into  copper 
acetate  and  calcium  acetate.     Since  the  thermic  effect  of  the  com- 
pression was  less  than  corresponds  to  a  rise  of  1°,  the  above 
result  must  have  been  due  entirely  to  a  change  of  volume.    At 
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50"  the  piston  sank  through  the  mass  without  resistance.  On 
repeating  the  first  experiment  using  a  lever  press,  the  piston  sank 
l»25mm  in  an  hour;  a  rate  which  would  require  110  hoars  to 
decompose  the  entire  mass.  Under  the  same  conditions,  potas- 
sium sulphate  gave  no  perceptible  diminution  of  volume.  Since 
the  chemical  change  is  a  function  of  the  time,  the  acetate  being 
decomposed  more  rapidly  the  higher  the  temperature  and  press- 
ure, it  is  evident  that  the  molecules  of  a  substance  do  not  assume 
the  arrangement  which  corresponds  to  the  given  volume  the 
moment  it  is  reached.  Moreover,  a  substance  can  be  compressed 
without  altering  its  state  if  the  pressure  does  not  last  too  long.— 
Zeitschr.  Physikal.  Chem.>  i,  227-230 ;  J.  Chenu  Soc,y  liv,  Abstr. 
841,  April,  1888.  G.  F.  B. 

8.  On  the  Vapor-density  of  Ferric  Chloride. — Grunkwald  and 
Victor  Meter  have  made  a  series  of  careful  determinations  of 
the  vapor-density  of  ferric  chloride  at  various  temperatures,  with 
a  view  of  fixing  its  molecular  formula.     The  chloride  was  pre- 
pared by  passing  dry  chlorine  gas  over  fine  iron  wire,  and  after 
sublimation,  appeared  as  hexagonal  plates,  of  a  cantharides-green 
color  by  reflected,  and  purplish  red  by  transmitted   light.    For 
the  vapor-density  in  sulphur- vapor,  448°,  the  apparatus  of  Victor 
Meyer  was  used,  filled  with  nitrogen,  the  bulb  of  which  was  only 
45mm  in  diameter  and  125mm  long,  while  the  whole  apparatus  was 
670miu  long.     The  boiling  sulphur  was  contained  in  an  iron  tube 
60n,m  in  diameter,  and  620mm  long,  heated  in  an  air  bath  by  six 
Bunsen  burners.     As  a  mean  of  four  accordant  experiments,  the 
vapor-density   at  448°   was   found   to  be    10*487.      The  chloride 
after   the  experiments  was  carefully  tested   and   found  to  contain 
no  trace  of  ferrous  chloride.     It   therefore  appears  that  even  at 
the  temperature  of  boiling  sulphur,  the  density  of  ferric  chloride 
is   lower  than    1 1"2,   the  value   required   by  the   formula   Fe.G,- 
The  determinations  were  then  repeated  in  the  vapor  of  boilius: 
phosphorus  peutasulphide,  518°,  in  that  of  stannous  chloride  006", 
ami   in  Perrofs   furnace   at  about   750c,  1050°  and    1300".     The 
mean  vapor  densities  oi  ferric  chloride  at  these  temperatures  were 
found  to  be  0rH>9  at  518°,  8*383  at  606°,  5*459  and   750°,  5*307  at 
1077°,  and  5*135  at    1320\     It  was  found  however  that  a  pro- 
gressive decomposition  took  place  at  these  temperatures,  about  a 
tenth  of  the  chloride  being  decomposed  at  518°,  an  eighth  at  t»0<Jc 
and  a  third  at  750^  and  above.     The  authors  conclude  that  since 
at    448     the  vapor  density  of  ferric  chloride  is   less  than  corres- 
ponds to  the  formula  Fe^Cl,,  and  since  experiments  at  lower  tern-     I 
po ratu res  are  not   feasible,  it  follows   that   no  temperature  exNts 
at   which   ferric  chloride  has   a  density  corresponding   to  Fe.C'l,; 
and  consequently  since  the  vapor-density  is  lower,  it  must  corres- 
pond to  the  formula  FeCl$.     In  order  if  possible  to  check  the  dis- 
sociation of  ferric  chloride  into  ferrous  chloride  and  chlorine,  the 
experiments    were    repeated  in  an  atmosphere  of  chlorine;    the 
vapor-densities  obtained,  however,  were  nearly  the  same  as  tb<*e 
obtained  in  nitrogen.    These  results  agree  with  those  obtained  for 
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urainum  chloride  by  Nilson  and  Pettersson,  which  led  them  to 
ive  to  this  substance  the  formula  A1C1,. — Ber.  Berl  Chem.  Ges.y 
si,  687-701,  March,  1888.  g.  f.  b. 

4.  Application  of  interference  fringes  to  Spectrum  Analysis. — 
jebmann  Ebvrt,  working  in  the  same  direction  as  Professor 
[ichelson,  shows  that  the  method  of  interference  can  be  used  to 
easure  wave-lengths  and  to  detect  slight  changes  in  refrangi- 
ility  of  spectral  Tines.  In  the  latter  respect  he  believes  that  the 
ethod  is  far  more  delicate  than  the  ordinary  spectrometric 
ethods.     One  can  measure  displacements  of  fringes  amounting 

>  tV  °*  tne  breadth  of  the  fringes,  or  ^J-^  of  the  distance  of  the 
>mponents  of  the  sodium  line,  or  a  change  in  the  velocity  of 
ght  of  £  of  a  kilometer. — Ann.  der  Physik  und  Chemie,  pp.  39- 
),  No.  5,  1888.  J.  t. 

5.  Penetration  of  light  beneath  the  surface  of  water. — In  con- 
nuation  of  his  work  upon  this  subject,  M.  F.  A.  Forbl  finds  that, 
r  chloride  of  silver,  the  limits  of  absolute  darkness  range  from 

>  meters  in  July  to  110  in  March.  The  variations  in  these  lim- 
b  correspond  closely  with  those  for  visibility.  The  water  of 
ake  Geneva,  in  which  these  experiments  were  tried,  is  more 
tnpid  in  winter  than  in  summer. —  Comptes  Rendus,  April  3,  p. 
)04.  ,  j.  t. 

6.  Velocity  of  Sound. — MM.  J.  Violle  and  Th.  Vautieb  con- 
ude  from  their  researches  that  the  velocity  of  a  sound  wave 
minishes  with  its  intensity ;  and  that  the  pitch  of  the  sound  has 

>  influence  on  the  velocity  of  the  wave.  —  Comptes  Rendus,  April 
p.  1003.  j.  t. 

7.  Magnetism  and  diamagnetism  of  gases. — At  a  meeting  of 
»e  Physical  Society  held  in  Berlin,  March  16,  Helmholtz  de- 
xibed  a  method  of  measurement  due  to  Professor  T5pler,  of 
resdeu.  An  index  drop  of  petroleum  is  placed  in  a  glass  tube 
»nt  at  a  very  obtuse  angle ;  on  one  side  of  the  index  is  the  gas 
hich  is  to  be  investigated,  and  on  the  other  side  is  atmospheric 
r.  When  placed  between  the  poles  of  a  powerful  electro-mag- 
*t,  the  index  is  moved  according  as  the  gas  is  more  or  less 
rongly  attracted  than  the  air;  the  amount  of  displacement  is 
easured  by  a  microscope.  The  delicacy  of  the  method  is  ex- 
emely  great.  It  was  observed  that  oxygen  is  most  magnetic, 
ien  come  air  and  nitric  oxide ;  nitrogen,  hydrogen,  carbonic 
tide,  carbonic  acid  gas  and  nitrous  oxide,  on  the  other  hand, 
«  diamagnetic.  The  method  can  also  be  employed  for  the  de- 
rm  in  at  ion  of  the  pressure  of  small  columns  of  gases. — Nature, 
pril  12,  1888.  j.  T. 

II.  Geology  and  Mineralogy. 

1.  Three  Cruises  of  the  United  States  Coast  and  Geodetic 
%rvey  Steamer  Blake  in  the  Gulf  of  Mexico,  in  the  Caribbean 
$a,  and  alone/  the  Atlantic  Coast  of  the  United  States;  by 
lbxandeb  Agassiz.  In  two  volumes*  of  314  and  220  pages 
ro,  with  numerous  maps,  plates  and  figures  in  the  text.     Boston 
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and  New  York,  1888.  (Houghton,  Mifflin  A  Co.)  Bulletin  of  the 
Museum  of  Comparative  Zoology  at  Harvard  College,  Cambridge, 
Mass. — These  volumes  by  Prof.  Alexander  Agassiz  contain  the 
best  general  review  of  the  deep-sea  conditions  and  pelagic  and 
deep-sea  life  which  has  been  published ;  and,  at  the  same  time, 
they  give  a  detailed  physical  and  biological  account  of  one  of  the 
most  interesting  regions  for  deep-sea  study  in  the  world,  with 
illustrations  of  the  best  kind  in  profusion. 

The  three  cruises  of  the  Blake  occurred  in  the  seasons  of  1877- 
78  from  December  to  March,  1878-79  commencing  in  November, 
and  in  1880  commencing  late  in  June.  The  first  expedition  was 
under  the  command  of  Lieut.  Commander  C.  D.  Sigabee,  U.  S.  N., 
and  the  second  and  third  under  Commander  J.  R.  Bartlett,  U.  S. 
N.  The  methods  of  sounding  and  dredging  were  gradually  per- 
fected with  the  progress  of  the  work ;  Mr.  Agassiz  remarking, 
in  his  introductory  chapter,  that  the  criticisms  of  the  first  equi|>- 
ment  and  the  suggestions  of  the  Commanders  and  of  the  Lieuten- 
ants and  other  officers  of  the  ship,  constantly  modified  the  meth- 
ods of  work  and  so  changed  the  apparatus  that  "  it  would  have 
been  difficult  to  recognize  the  original  dredging  implements  as 
first  devised."  The  character  of  the  final  equipment  of  the 
"Blake"  is  the  subject  of  the  first  chapter,  which,  like  the  others, 
has  its  many  detailed  illustrations. 

The  various  lines  of  sounding  and  dredging  covered,  as  shown 
on  a  large  map,  the  region  about  the  Windward  and  other  West 
India  Islands,  the  northern  half  of  the  Caribbean  Sea,  a  portion 
ot  the  Gulf  of  Mexico,  and  along  the  Atlantic  Coast.  Besides 
these  explorations  of  the  American  side  ot*  the  ocean,  there  is 
also  the  work,  as  the  Historical  Sketch  states,  of*  the  Fish  Coin- 
mi<Mon  under  the  direction  of  Prof.  Baird,  which  began  in  1-S71 
with  naval  tugs,  hut  was  carried  on  in  1SS:>  with  the  steamer 
u  Fish  Hawk"  and  in  issrt  and  since  with  the  u  Albatross,"  aiul 
the  still  earlier  dredging  by  Pourtales,  an  assistant  of  the  Coa*t 
Survey,  in  the  years  1S07,  1808.  "To  the  memory  of  L.  F. 
Pourtales,  a  pioneer  in  deejvsea  dredging,"'  Agassiz  has  de«li«an«l 
his  work.  .  Further,  the  important  deep-sea  explorations  of  the 
Challenger  in  these  waters  took  place  in  1S73. 

Among  the  topics  treated  in  the  volumes,  there  are  the  following: 
The  Florida  coral  reefs,  and  connected  with  it,  the  subject  of  the 
origin  of  the  reels;  the  topography  of  the  eastern  submarine 
coast  region  ot  the  North  American  Continent  and  the  causes  uV 
tennining  the  existing  features  illustrated  by  several  bathynictric 
maps;  ilu>  relations  ^  the  American  and  West  Indian  fauna  arM 
flora,  embracing  the  \ve>t-American  or  Pacific  as  well  as  east- 
American,  and  including  the  subject  of  changes  in  the  course  of 
the  (Suit  Stream,  and  the  geological  consequences;  the  perma- 
nence ot  continents  and  oceanic  basins,  a  doctrine  fully  sustained 
b\  the  tacts  gathered  ;  the  deep-sea  or  sea-bottom  formations; 
the  deep  sea  fauna,  and  in  connection  the  deep-sea  rocks  ami 
fauna  of  ancient  or  geological  time;  the  pelagic  fauna  and  ll«-ra, 
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or  that  of  the  open  sea  not  of  great  depths ;  the  temperatures  of 
the  Caribbean  Sea,  Gulf  of  Mexico  and  western  Atlantic,  illus- 
trated by  deep-sea  sections  of  the  ocean,  and  a  colored  map  of 
the  bottom  temperature-areas  of  both  the  North  and  South 
Atlantic;  the  Gulf  Stream  ;  submarine  deposits;  the  physiology 
of  the  deep-sea  life  including  the  subject  of  the  constitution  of 
sea-water,  the  degree  of  darkness  of  the  depths,  and  other  topics ; 
and  finally,  descriptions  of  the  West  Indian  fauna  and  sketches 
of  the  characteristic  deep-sea  types  through  the  various  subdi- 
visions of  the  animal  kingdom  from  Vertebrates  to  Sponges, 
which  occupy  the  second  volume  and  are  illustrated  by  nearly 
500  figures  of  species — the  work  in  part  of  various  zoologists  whose 
labors  are  acknowledged  in  the  Introductory  Chapters. 

The  deep-sea  soundings  made  under  the  direction  of  the  U.  S. 
Coast  and  Geodetic  Survey  in  the  West  Indian  seas  have  brought 
to  light  some  marvellous  facts  with  regard  to  depths,  which  Mr. 
Agassiz  has  finely  illustrated  by  maps  as  well  as  descriptions. 
The  facts  were  for  the  most  part  first  announced  in  1884  by  Mr. 
Hilgard,  the  superintendent  of  the  Coast  Survey,  citations  from 
whose  paper  are  introduced.  A  fact  of  special  interest  is  the  great 
and  abrupt  depth  close  along  the  north  shore  of  the  West  Indian 
range  of  islands,  "  the  2000-fathom  line  nowhere  more  than  14  miles 
from  land,"  and  in  one  place  1976  fathoms  "only  2£  miles  out, 
a  declivity  of  38° ;  and,  in  this  line,  a  depression  over  4000  fathoms 
deep  within  75  miles  of  Porto  Rico,  the  deepest  sounding  giving 
4561  fathoms,  indicating  a  mean  submarine  slope  from  the  Porto 
Rico  coast-line  of  1:14.  Further,  from  this  deep  depression  a 
trough  of  2000  fathoms  (the  soundings  2000  to  2326  fathoms) 
extends  westward  by  the  north  shore  of  San  Domingo,  between 
it  and  the  reef  islands  north,  with  slopes  part  of  the  way  on 
either  side  of  1:8^;  and  this  deep  trough  diminishing  probably 
to  750  fathoms  on  the  ridge  between  San  Domingo  and  Cuba, 
commences  again  on  nearly  the  same  course  close  by  the  most 
southern  Cuban  shore  (within  25  miles)  by  a  trough  of  3138  and 
8180  fathoms,  and  is  continued  westward  by  two  other  areas  of 
8428  and  3206  fathoms  pointing  down  to  the  southwest  angle  of 
the  west-Caribbean  or  Cuban  Sea  north  of  Honduras.  Agassiz's. 
maps,  figs.  56  and  57,  show  these  troughs  and  the  view  on  page 
94  of  a  model  of  the  Gulf  made  under  Mr.  Hilgard's  direction, 
exhibit  it  still  more  strikingly  through  the  greatly  exaggerated 
vertical  scale.  Mr.  Agassiz  suggests  one  explanation  for  the 
origin  of  the  great  depths  and  correlately  for  mountains  on  the 
borders  of  the  ocean  on  page  132,  and  another  for  some  ol  the 
depressions  on  page  104. 

Another  feature  in  the  sea-bottom  topography  illustrated  by 
the  soundings  is  the  absence,  between  a  point  just  south  of  Cape 
Hatteras  and  the  Bahamas*  of  that  steep  side-slope  of  the  Atlan- 
tic basin  along  the  100-fathom  line  which  prevails  north  of  the 
Cape.  In  place  of  it,  there  is  a  very  gradual  inclination  outward 
to  the  600-fathom  line  and  then  a  dip  off  to  greater  depths,  mak- 
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aw  that  a  plateau  250  to  300  miles  wide  which  is  named  the 
"Blake  plateau."  Southeast  of  Savannah  and  east  of  JseksoQ- 
rille  the  area  between  the  400-fathom  and  5<HJ-falhom  line  is  140 
miles  broad.  The  origin  of  this  feature  is  attrihnted  by  Mr. 
Agassis  l<>  the  abrading  and  transporting  action  of  the  Gulf 
Stream.  He  states  that  off  Charleston  the  bottom  for  the  whole 
width,  of  the  Gulf  Stream  was  swept  clean  of  mud  or  ooze  and 
almost  So  of  living  species,  proving  thus  the  action  of  the  great 
Stream  which  along  that  part  of  the  Atlantic  border  has  a  velocity 
between  .:  and  4  miles  an  hour  and  a  width  ol  50  to  75  miles. 

In  the  account  ol  sea-bottom  formations  it  is  staled  that  the 
sediment  of  the  great  Mississippi  Kiver  extends  into  the  Gnlf  rot 
over  100  miles  ;  beyond   this  there  is  the  usual  sea-bottom  lite. 

The  Tolumes  are  lull  of  facts  of  inter*  ' 
and  nature  of  the  bottot 
metric  and  geographical  distri 

various  topic*  atladed  Ut  above j  and  uwr  ara  wail  mumuk  to 
the  general  as  well  as  scientific  reader  by  their  clear  aad  excel- 
lent literary  style,  the  maps,  and  the  many  illustrations  of  the  life 
of  the  dsrk  depths. 

3.  DeteriptionM  of  new  Fimil  JGUKet ;  by  J.  &  Nnrsiin.- 
Dr.  J.  S.  Newberry  baa  a  deaariptioa  in  volume  VI  of  the  Trans- 
actions of  the  N.  T.  Academy  of  Sciences  of  •  new  apeetes  of 
Titaniohthys  larger  than  the' T.  \\a\utMi  described  by  him  in  the 
Geological  Msgasine  in  188S.  The  T.  Apatttoii—%  fish  related  . 
to  Dinichthys — had  a  cranium  4  feet  S  inches  broad  at  the  occi- 
put, and  the  mandibles  were  long  slender  rods,  gently  bent  up- 
ward at  the  anterior  extremity,  and  there  excavated  in  a  deep 
furrow  apparently  for  the  reception  of  some  kind  of  dental 
organs.,  The  remains  of  the  new  species,  including  several  more 
or  less  complete  specimens,  were  found  by  Dr.  Wm.  Clarke,  at 
Berea,  Ohio,  and  is  named  T.  Clar/eii.  Toe  cranium  is  broadly 
triangular  in  outline  nadjive  feet  or  more  -between  the  posterior 
lateral  angles.  The  mandibles  are  three  feet  long,  the  posterior 
end,  spatulate,  six  inches  wide  and  turned  downward;  and  tbe 
anterior  end  is  turned  up  like  a  sled-runner,  and  has  a  deep  for- 
.row,  like  T.  Agassizii,  out  the  whole  jaw  is  much  heavier  and 
broader.  The  under  side  of  the  body  was  protected  by  a  tri- 
angular plate  three  feet  long  and  nearly  as  broad. 

In  volume  VII  of  the  Transactions  Dr.  Newberry  describes  i 
new  and  large  species  of  Rhizodus  from  the  St  Louis  limestone 
at  Albion,  Illinois,  which  he  has  named  Rhixodua  ancepa;  it 
is  near  R.  Hibberti  Ag.,  of  the  Carboniferous  limestone  of  Scotland. 
The  specimen  is  an  anterior  half  of  the  deutary  bone  carrying  a 
large  number  of  acute  conical  striated  teeth  about  half  an  inch 
long,  with  three  great  laniary  teeth,  the  anterior  and  most  per- 
fect one  of  which  projects  two  inches  above  the  margin  of  tbe 
jaw ;  it  differs  from  the  corresponding  R.  Hibberti  in  being  more 
compressed  and  double-edged.  Dr.  Newberry  speaks  of  the  dis- 
covery of  R.  Hardingi  Dawson,  iu  the.  Lower  Carboniferous  of 
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Horton  Bluff,  Nova  Scotia,  and  remarks  that  the  genus  is  prob- 
ably confined  to  this  period. 

Other  fossil  species  are  described  in  the  same  volume  from  the 
Erie  shale  of  Ohio— the  western  extension  of  the  Chemung  and 
Portage  rocks  of  New  York  and  Pennsylvania.  They  include 
Cladodus  Kepleri  Newb.,  Actinophorus  Clarkii  Newb.,  Dinich- 
thys  curtus  Newb.,  D.  tuberculatus  Newb.  D.  curtus  has  been 
found  in  the  Chemung  of  Pennsylvania. 

The  Annals  of  the  New  York  Academy  of  Sciences  for  Febru- 
ary, 1888  {vol.  iv),  contains  a  description  and  figures  by  Dr.  New- 
berry of  a  new  and  gigantic  species  of  Edestus,  E.  gigantms, 
from  the  coal  measures  of  Decatur,  Illinois,  with  a  history  of  the 

fenus  and  notes  on  the  species.  The  specimen  is  shown  to  be  the 
orsal  spine,  of  a  gigantic  Plagiostome.  The  spine,  which  was 
18  inches  or  more  in  length,  had  the  great  breadth  of  7i  inches 
including  the  denticles,  and  was  two  inches  thick  at  center ;  the 
broad  triangular  denticles  were  3^  inches  long  with  the  edges 
coarsely  denticulate.  The  species  was  much  larger  than  E.  vorax 
of  Leidy  or  JE  Heinrinhsii  of  Newberry  and  Wortben,  and  differ- 
ent also  in  the  form  of  the  teeth.  An  admirable  figure  of  the 
specimen  accompanies  the  paper,  with  also  figures  of  the  other 
American  species. 

3.  Natural  History  of  New  York.  Paleontology ,  vol.  vii, 
with  Supplement  to  vol.  v,  part  II;  by  James  Hall,  State  Geolo- 
gist and  Palaeontologist,  assisted  by  John  M.  Clarke,  pp.  lxiv,  236, 
4  to  45  plates,  and  pp.  42,  with  18  plates.  Albany,  1888. — This 
new  volume  of  the  Palaeontology  of  New  York  is  devoted 
principally  to  the  Devonian  Crustacea  of  North  America,  exclu- 
sive of  the  subclass  Ostracoda.  The  introduction  presents  a  brief 
historical  sketch  of  the  class  as  limited  to  American  forms;  also,  a 
table  showing  a  systematic  arrangement  of  the  subclasses,  orders, 
families  and  genera,  followed  by  a  discussion  and  tabulation  of 
their  chronological  distribution.  It  is  shown  that  the  richest  trilo- 
bitic  fauna  is  in  the  Corniferous  limestone,  which  has  afforded 
52  species  of  Crustacea,  of  which  49  are  trilobites  and  3  are 
cirripeds.  The  generic  synonymy  and  a  diagnosis  of  each  genus, 
with  outline  figures  in  the  text,  precede  the  main  descriptive 
matter  of  the  volume,  and  will  furnish  much  assistance  to  the 
student  of  this  class  of  fossils,  as  well  as  many  valuable  refer- 
ences and  suggestions  to  the  systematic  palaeontologist. 

The  descriptions  of  species  are  given  in  a  logical  and  complete 
manner.  There  are  127  species  and  varieties  of  Devonian  Crus- 
tacea described,  which  are  arranged  in  28  genera.  The  trilobites 
include  10  genera  and  83  species;  the  Xiphosura  1 ;  the  Euryp- 
terida  2  genera  and  3  species ;  the  Phyllocarida  8  genera  and  26 
species;  the  Decapoda  1  genus  and  a  single  species;  the  Phyllo- 
poda  2  genera  and  2  species ;  and  the  Cirripedia  4  genera  and  11 
species. 

One  of  the  most  interesting  of  the  genera  of  Trilobites  considered 
in  the  volume  is  that  of  Dalmanites.     It  comprises  25  species  and 
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varieties,  which  are  arranged  in  six  subgeneric  groups.  The  genua 
in  its  early  development  includes  species  principally  of  the  tvpe 
of  D.  Huuamunni.  Variation  takes  place  mainly  in  the  lobes 
and  furrows  of  the  glabella  and  in  the  oruaiucutation  of  the  msr- 
gins  of  the  cephalon  and  pvgidmm.  During  the  period  of  the 
deposition  of  the  Helderberg  series  the  culmination  of  develop- 
ment was  reached,  and  many  deviations  from  the  original  simple 
type  were  introduced.  The  ornamental  and  defensive  armaliire 
hpcame  extravagantly  developed,  and  several  species  reached  a 
large  siae.  One  form,  LK  m'/rmeco/ihoriis,  is  estimated  from 
a  careful  restoration  based  on  a  large  pvgidium,  to  have  had  a 
length  of  8fl8M  or  ltf  inches.  Tin/  genus  Melius  exhibits  a  similar 
development  and  variety  of  form.  It  includes  the  largest  and 
most  remarkable  of  Devonian  trilobites,  the  Liefiaa  (Terata*f>is) 
gratulis  Hall,  with  individuals  reaching  a  length  of  nearly  two 
feet  and  bearing  numerous  spines  and  tubercles.  The  majority 
id  the  spedes  of  irilohiies  discussed  m  this  volume  are  found  in 
liie  Lower  Devonian,  and  all  the  genera  made  their  appear-imf 
Iu  eurlii-r  Piilieonoie  lime. 

To  many  si  udents  the  portion  of  the  volume  relating  to  species 
not  tiilobitic  will  have  the  greatest  interest  on  account  of  the 
rarity  and  diversity  of  the  material  and  its  relations  with  exist- 
ing forms.  This  nc-11-i.rilobit.ic  crustacean  fauna  holds  an  import- 
ant place  in  the  middle  and  upper  Devonian,  and  but  three  or 
lour  of  the  nineteen  genera  here  noticed,  were  continued  from 
earlier  faunas.  , 

The  supplementary  matter  is  in  continuation  of  vol.  v,  pt.  II, 
published  in  1879,  and  relates  to  the  classes  Pteropoda,  Annelida 
and  Cephalopoda.  A  specimen  borrowed  from  the  U.  S.  Geol. 
Survey,  through  C.  D.  Walcott,  and  referred  by  him  to  Proetus 
marginalia  Con.  (Walcott,  Monogr.  U.  S.  Geol.  Surv.,  vol.  viii, 
Pal,  Kureka  Disl.,  p.  210,  1884),  is  redescribed  as  ProStits  Nevada 
Hall.  This  method  of  treating  borrowed  type  specimens  will 
not  meet  with  general  approval.  C.  is.  bkhchbr. 

4.  Geology  of  Minnesota,  Bulletin  No.  2,  1887.  Preliminary 
description  of  the  peridolytes,  gabbros,  diabases  and  andeaytes  of 
Minnesota;  by  M.  E.  Wadsworth.  160  pp.  8vo,  with  12  col- 
ored plates  of  rock -sections. — This  Report  discusses  critically  the 
characteristics  of  the  many  rocks  studied,  their  interior  changes 
and  other  points  of  petrological  interest.  It  is  preliminary  to  a 
final  report  on  the  Minnesota  rocks. 

5.  livilding- Stone  in  the  State  of  New  York  ;  by  J.  0. 
Smock. — Bulletin  of  the  New  York  State  Museum  of  Natural 
History,  No.  3,  March,  1888.     Albany,  1888. 

6.  Carboniferous  Trilobites. — Lieut.  A.  W.  Vogdes  has  a  paper 
on  American  Carboniferous  trilobites  in  the  Annals  of  the  N.  V. 
Acad.  Sci.,  Febr.,  1888,  reviewing  the  synonymy  and  the  charac- 
ter of  the  species,  adding  notes,  and  giving  figures  of  19  species. 

1.  Lea  Dislocations  de  Vecorce  terreatre:  Esaai  de  Definition 
et  de  Nomenclature  par  Emu.  de  Mabgabib,  &  Paris,  et  Dr.  Albert 
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Heim,  k  Zurich,  154,  pp.  8vo.  Zurich,  1888. — This  memoir  is  a 
thorough  systematic  descriptive  review  of  the  various  kinds  of 
faults  or  displacements,  flexures  and  folds,  in  rocks,  with  defini- 
tions of  the  terms  used  by  writers  on  the  subjects,  and  is  both  in 
the  French  and  German  languages.  Its  illustrations  are  numerous, 
and  illustrate  well  all  the  various  conditions  of  rocks  described, 
and  its  references  to  authorities  are  very  full.  It  is  therefore  an 
excellent  aid  to  the  geological  student. 

8.  Index  der  KrystaUformen  der  Mineralien,  Band  II,  Hft. 
1,  2,  3;  Bd.  Ill,  Hft.  1. 

Ueber  Projection  und  graphische  KrystaUberechnung.     97  pp. 

Ueber  krystaUographische  Demonstration  mit  Hilfe  von  Aork- 
modetten  mit  farbigen  Nadelstiften,  with  6  colored  plates,  von 
Victor  Goldschmidt.  Berlin,  (Julius  Springer.) — Something  more 
than  a  year  has  passed  since  the  completion  of  the  first  volume  of 
Goldschmidt's  Index  (see  this  Journal,  xxxi,  475,  xxxii,.  485.) 
The  work  which  the  author  has  undertaken  is  a  formidable  one 
involving  a  heavy  amount  of  labor  for  him,  and  yet  benefitting 
greatly  all  workers  in  this  line ;  it  is  to  be  hoped  that  he  may  before 
long  be  able  to  bring  it  to  a  successful  completion.  The  numbers 
now  issued  (in  separate  parts  for  the  convenience  of  those  using 
the  work)  cover  all  mineral  species  in  F,  G,  H,  with  also  quartz 
(vol.  Ill,  No.  1),  and  the  execution  is  of  the  same  excellence 
as  in  the  earlier  parts.  The  scheme  of  notation  with  the 
methods  of  projection  and  calculation  which  the  author 
has*  developed  with  such  exhaustive  completeness  in  the  Intro- 
duction to  vol.  I  of  the  Index  are  further  elucidated  in  the  ac- 
companying memoirs.  The  reader  who  masters  them  fully  will 
be  better  able  to  appreciate  the  advantages  of  the  author's 
method.  An  ingenious  device  is  adopted  for  the  purpose  of 
demonstration  by  the  use  of  cork  blocks  with  needles  bearing 
colored  heads  to  show  the  symmetry  of  the  different  systems  and 
the  relation  of  the  forms  belonging  to  them. 

III.  Botany  and  Zoology. 

1.  Flora  of  the  Hawaiian  Isla?ids  ;  by  William  Hille brand, 
M.D.  Annotated  and  published  after  the  author's  death,  by  W. 
F.  Hillebrand  [New  York,  B.  Weslermann  &  Co.  8vo,  p.  673, 
with  4  maps  of  the  Islands.] 

Dr.  Hillebrand  resided  for  twenty  years  in  Honolulu,  engaged 
in  the  successful  practice  of  an  exacting  profession,  finding  recre- 
ation in  an  exhaustive  study  of  the  vegetation  of  the  Sandwich 
Islands.  The  plants  were  examined  by  him  not  only  in  their 
native  haunts  but  also  after  they  had  been  transferred  to  his  gar- 
den, where  they  could  be  investigated  under  the  most  favorable 
conditions.  In  this  way  he  accumulated  the  materials  for  his 
Flora.  These  materials  were  carefully  elaborated  during  his 
examinations  of  the  leading  Herbaria,  and  the  work  was  ready 
for  the  printers  early  in  the  summer  of  1886. 
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Dr.  Hillebrand'e  death  occurred  shortly  after  the  flrst  prooft 
had  been  received  and  directed,  06  that  the  tasfc  devolved  mfKHi 
bis  family  of  presenting  to  the  werid  thia  Flora  as  a  memorial. 
The  task  was  one  of  considerable  difficulty,  ioasnmoh  as  eertsis 
portions  of  the  treatise  had  been  Ml  in  a  form  which  appeared 
to  demand  modification.  The  work  has,  however,  been  root* 
skillfully  done,  and  reflects  credit  on  the  judgment,  learning 
and  good  taste  of  those  to  whom  it  was  entrusted.  la  the  face 
of  serious  difficulties  the  undertaking  has  been  carried  through 
to  a  successful  completion. 

The  descriptive  part  comprises  the  towering  plants  and  the 
vascular  cryptogams;  884  species  of  the  former,  distributed 
through  885  genera,  and  156  species  of  vascular  cryptogams,  is 
80  genera.  It  is  thought  that  115  species  of  the  above  enumer- 
ations have  been  introduced  since  the  discovery  of  the  islands  by 
Cook  in  1779.  Concerning  the  geographical  relations  of  the 
islands  and  their  general  features,  the  lamented  author  has  jpvea 
a  clear  and  concise  account,  and  he  has  added  some  comparisons 
of  the  vegetation  with  that  of  other  countries.  The  most  striking 
point  is  the  number  of  varieties  in  ail  the  leading  genera.  The 
occurrence  of  these  varieties  is  a  source  of  embarrassment  to  the 
systematise  but  it  affords  abundant  material  for  the  biologist  who 
seeks  to  determine  the  range  of  variation  in  recent  times.  The 
attempt  to  discriminate  between  the  species  connected  thus 
by  innumerable  intermediate  forms  has  resulted  in  giving  uss 
work  which  is  unique.  The  author  says  :  "  the  descriptions  will 
be  found  to  suffer-  from  want  of  brevity,  of  terseness,  which  the 
student  is  inclined  to  expect  in  a  work  of  this  kind.  As  an  apology 
I  can  only  plead  that  my  constant  endeavor  has  been  to  be  faith- 
ful to  nature,  that  I  have  thought  necessary  in  order  to  bring  out 
the  general  transitions  from  one  form  to  another  to  enter  upon 
characters  which  often  are  considered  of  small  importance. "  But 
no  apology  is  needed.  The  descriptions  though  not  brief  are  not 
prolix.  Moreover,  in  the  case  of  larger  genera,  analytical  keys 
with  emphasis  on  the  more  obvious  characters,  make  the  treatise 
an  easy  one  to  use. 

To  the  volume  is  prefixed  the  sketch  of  Botany  which  was 
employed  by  Mr.  Bentham  in  his  British  and  Colonial  Floras. 

From  the  author's  notes,  which  though  somewhat  fragmentary, 
have  been  wisely  added  with  little  if  any  change,  we  take  the 
following  statements  :  "  Nature  here  luxuriates  in  formative 
energy.  Is  it  because  the  islands  offer  a  great  range  of  conditions 
of  life  ?  Or  is  it  because  the  leading  genera  are  in  their  age  of 
manhood,  of  greatest  vigor?  Or  is  it  because  the  number  of 
types  which  here  come  into  play  is  limited,  aud  therefore  the  ares 
offered  to  their  development  comparatively  great  and  varied  ?" 

Such  suggestive  questions  as  these  are  scattered  throughout 
Dr.  Hillebrand's  preliminary  paper;  similar  enquiries  arise  when 
one  examines  almost  any  page  of  this  work,  which  is  his  monu- 
ment. G.  L.  G. 
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2.  Recent  Advances  in  Vegetable  Histology. — Whether  a  new 
classification  of  the  tissues  can  be  properly  regarded  as  an  ad- 
vance, may  be  open  to  question,  but  the  following,  applied  to  the 
secondary  structure  of  wood,  appears  to  have  some  advantages 
for  comparative  histology.  It  appears  in  a  study  of  certain  orders 
by  Hitzemann,  given  in  abstract  in  Bot.  Centralbl.  1887,  vol. 
xxxi,  p.  91. 

A.  Elements  containing  starch.     (Parenchymatous  system.) 
I.  Parenchyma  arranged  radially.     (Medullary  rays.) 

1.  Cells  chiefly  perpendicular  to  the  axis  of  the  stem,  generally 
forming  plates  of  more  than  one  layer  of  cells. 

2.  Cells  parallel  to  the  axis,  almost  always  forming  plates  of  a 
single  layer  of  cells. 

II.  Parenchyma  arranged  tangentially,  connecting  the  medul- 
lary rays. 

3.  Short  cells,  generally  in  groups  of  more  than  one  row.  Wood- 
parenchyma. 

4.  Elongated  cells,  in  a  plate  of  a  single  layer.  Substitution 
fibers  and  fibrous  cells,  forming  a  transition  to  the  next  group. 

B.  Elements  containing  no  starch. 

I.  Fiber-system.  (Mechanical  system.)  Area  of  cross-section 
of  the  element  is  but  a  small  fraction  of  that  of  a  longitudinal 
section. 

5.  Pits  not  present,  or  very  minute,  or  larger  with  no  distinct 
border.     Libriform-fibers. 

6.  Pits  present  and  provided  with  a  large  border ;  no  difference  in 
size  or  structure  between  the  bordered  pits  on  the  side  and  end 
walls.     Tracheld-fibers. 

II.  Trachael  system.     System  for  conducting  water. 

7.  Pits  of  the  side  and  end-walls  show  no  marked  difference 
in  structure,  but  a  great  difference  in  size.     Trachelds. 

8.  Pits  exhibit  noticeable  differences  in  structure,  complete  per- 
foration of  the  partition.     Ducts. 

It  will  be  observed  that  this  classification  is  open  to  the  objec- 
tion which  lies  against  every  system  thus  far  proposed,  namely : 
that  both  morphological  and  physiological  considerations  enter 
into  its  construction.  But  for  comparative  studies  like  that 
undertaken  by  Hitzemann,  the  classification  seems  simple  and 
may  prove  useful. 

Berggren  (in  1883)  studied  the  economy  of  the  spirally-thick- 
ened cells  in  the  roots  of  some  Taxinese.  In  the  leaves  of  cer- 
tain species  of  Sansevieria,  Areschoug  (Bot.  Centralbl.  xxxi,  258) 
finds  similar  cells  with  extraordinary  tnickness,  apparently  serv- 
ing as  constituents  of  a  true  u  water-tissue,"  instead  of  being,  as 
in  many  other  well-known  cases,  unequivocal  tracheids. 

Prael  (Ber.  Deutsch.  Bot.  Ges.  1887,  417)  has  lately  investi- 
gated the  structure  of  the  wood  which  forms  during  the  repair  of 
young  twigs  and  steins  which  have  been  injured.  It  has  long 
been  known  that  this  new  wood  partakes  somewhat  of  the  nature 
of  heart-wood  rather  than  of  sap-wood.    The  results  of  Prael's 
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work  may  be  interpreted  as  showing  that  the  protective  wood 
which  grows  over  wounds  always  exhibits  a  notable  agreement  in 
all  particulars  with  the  heart-wood  of  the  same  plant,  even  stuff- 
ing its  tyloses,  resins,  gums,  and  to  a  certain  extent  its  coloring 
matters. 

The  vascular  bundles  which  are  termed  Moonoentrion  are  of 
two  kinds:  (1)  the  xylem  is  surrrounded  by  the  phloem,  (S)  the 
phloem  is  surrounded  by  the  xylem.  The  first  is  characteristic 
of  ferns,  although  examples  are  not  wanting  among  flowering 

5>lants.  Both  of  these  kinds  have  been  examined  by  MObius 
Ber.  Deutsche  Bot*  Gee.  1 887,  2),  who  adds  to  the  results  of  his 
special  investigation  a  convenient  synoptical  table  of  the  orders 
in  which  these  different  types  are  to  be  seen. 

von  Tavel  (Ber.  Deutsch.  Bot,  Ges.  1887,  488)  gives  sin  inter- 
esting apcount  of  his  investigation  of  the  meohanical  structure  of 
bulbs.  Bulbs  are,  in  general,  reservoirs  of  food  which  grow  under 
a  certain  amount  of  pressure  from  surrounding  soiL  In  some  esses 
the  weight  of  superincumbent  earth  is  very  considerable.  Under 
these  restricting  pressures  the  bulb  would  become  much  distorted 
were  it  not  protected  by  strong  meohanical  elements.  A  study 
of  the  distribution  of  these  elements  and  an  examination  of  the 
epidermal  structures  of  bulbs  show  that  they  have  no  relation  what- 
ever to  the  systematic  place  of  the  species,  but  that  they  era 
strictly  adaptive. 

The  comparative  histology  of  allied  orders  of  flowering  plants 
continues  to  attract  a  considerable  number  of  investigators,  but 
as  yet  without  any  very  satisfactory  results  in  the  directiou  of 
generalization.  Nor  can  it  be  expected  that  the  survey  of  the 
limited  fields  thus  far  brought  under  observation  can  reveal  any 
general  laws,  but  the  value  of  the  results  of  such  scattered  and 
often  very  fragmentary  histological  studies  cannot  well  be  over- 
estimated. Among  those  most  recently  published  are  the  follow- 
ing :  Hitzemann's  examination  of  Ternstroemiaceas,  Dipterocar- 
pe»,  and  Chl&nacesB,  and  Saupe's  investigation  [Flora,  1887,  p. 
259]  of  the  wood  of  the  Leguminosss.  The  conclusions  reached 
by  the  latter  may  be  briefly  stated  thus :  (I.)  It  is  impossible  to 
separate  the  suborders  Papilionacese  CtBsalpiniacese,  and  Mimosea 
on  the  basis  of  wood-structure.  But,  on  the  other  hand,  it  is 
perfectly  practicable  to  distinguish  in  these  suborders,  closely 
related  and  sharply  marked  groups  of  small  sizes.  And,  more- 
over, it  is  easy  to  detect,  in  some  instances,  a  close  anatomical 
resemblance  between  two  members  of  some  of  these  groups,  even 
when  they  grow  naturally  under  wholly  diverse  circumstances. 
But  their  species  cannot  as  yet  be  distinguished  clearly  by  means 
of  the  histological  character  of  the  wood.  g.  l.  g. 

3.  Forms  of  Animal  Life. — A  Manual  of  Comparative  Anat- 
omy, with  descriptions  of  selected  types,  by  the  late  6.  Rolles- 
ton,  Linacre  Prof  Anat.  Phys.,  Oxford ;  second  edition,  revised 
and  enlarged  by  W.  H.  Jackson,  F.L.S.,  Nat.  Sci.  Lecturer,  St. 
John's    College.     938    pp.,    8vo.     Oxford :    1888.     (Clarendon 
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Press.) — This  large  volume  is  a  very  full  Manual  of  Comparative 
Anatomy  for  the  student,  and  is  well  adapted  to  its  purpose  by 
the  completeness  of  its  explanations  and  directions  and  tne  num- 
ber of  prepared  types  which  it  discusses.  .These  embrace  species 
from  all  the  grander  divisions  of  the  Animal  Kingdom,  in  the 
following  order:  Mammals,  Birds,  Reptiles,  Amphibians,  Fishes, 
Ascidians,  Gastropods,  Lamellibranchs,  Insects,  Crustaceans, 
Asteroids,  Cbsetopods,  Hirudinea,  Cestoda,  Polyzoa,  Anthozoa, 
Hydrozoa,  Porifera,  Infusoria  and  Amoebina.  The  subjects  are 
illustrated  by  14  excellent  plates  of  the  various  subjects  consid- 
ered, besides  various  fine  wood  cuts. 

4.  Die  Japanische  Seeigel  von  Dr.  Ludwig  Ddderkiny  of 
Strassburg.  1  Theil.  Fam.  Cidaridse  und  Saleniidae,  mit  Taf. 
I-XI.  Stuttgart,  1887  (E.  Schweizerbart'sche  Verlagshandlung). 
— This  memoir  has  remarkably  beautiful  plates  illustrating 
descriptions  of  some  new  species  of  Cidarids  from  Japan  and  also 
recent  species-  of  other  regions  described  by  different  authors,  and 
also  gives  a  review  in  detail  of  the  general  character  and  history 
of  the  group. 

5.  Bibliotheca  Zoologica  II.  Verzeichniss  der  Schriften  tlber 
Zoologie  welche  iu  den  periodischen  Werken  enthalten  vom 
Jahre  1861-1880,  selbstandig  erscheinen  sind  mit  Einschluss 
der  allgemein-naturgeschichtlichen  periodischen  und  palseontolo- 
gischen  Schriften,  bearbeitet  von  Dr.  O.  Taschenberg,  Docent 
an  der  Univ.  Halle.  Fttnfte  Liefe rung,  Signatur  161-200.  Leipzig, 
1888.  (Wm.  Engelmann).  The  earlier  parts  of  this  important 
work  have  been  noticed  in  volumes  xxxiii  and  xxxiv  of  this 
Journal. 

IV,  Miscellaneous  Scientific  Intelligence. 

• 

1.  The  Constant  of  Aberration. — Professor  Hall  has  published 
in  the  Astronomical  Journal  the  results  of  his  reduction  of  the 
observations  made  in  the  years  1862-7  upon  a  Lyrae  by  Profess- 
ors Hubbard,  Newcomb,  Harkness  and  himself  with  the  prime 
vertical  transit  instrument  of  the  Naval  Observatory,  for  the 
purpose  of  determining  the  constants  of  mutation  and  aberration. 
He  obtains  as  the  most  probable  value  of  the  constant  of  aberra- 
tion 20jr,4542=fc0*-0144.  This  with  Michelson  and  Newcomb's 
velocity  of  light  gives  for  the  solar  parallax  8',810=fc0**0062. 

2.  Discovery  of  Small  Planets. — The  small  planet  (183)  Istria 
was  rediscovered  by  Paliser  April  7th.  Of  the  first  250  of  the 
planets  at  least  238  have  therefore  now  been  observed  at  a  second 
opposition.  Only  two  of  the  exceptions  are  between  (200)  and 
(250).  The  planet  (278)  was  discovered  by  Borelly  at  Marseilles, 
unless  this  should  prove  to  be  Xantippe  (156). 

3.  Michigan  mining  School. — This  mining  school,  at  Hough- 
ton, Michigan,  is  the  only  school  of  mining  east  of  the  Mississippi 
that  is  located  in  a  region  of  mines.  Being  on  Keweenaw  Point, 
.in  the  vicinity  of  the  great  copper  mines,  it  has  the  special  ad- 
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Yantages  necessary  to  sucoessfnl  iutmetioiL  The  faculty  include 
Dr.  II.  E.  Wadswobth,  Director  and  Professor  of  mineralogy, 
petrography  and  geology ;  R.  L.  Packabb,  A.M.,  Professor  of 
chemistry,  and  R,  M..EDWABD6y  EL1L,  Professor  of  mining  and 
engineering.  Dr.  Wadsworth  baa  recently  been  made  State  Geol- 
ogist of  Michigan. 

Die  Began- Verhift nlsss das  Rnaaierhon  ttetohea,  von  H.  Wild,  mit  eeriem  atlas; 
Sopplement  band  sum  Rcpoftorium  fOr  Mceeorologie,  hetansg.  Kaja.  Acad.  Win. 
8t  Petersburg,  188T. 

Nomenolator  Flora)  Daniom,  Anctore  Joh.  Langs,  8M  pp.  4to,  Laipaic,  188? 
(F.  A.  Brookhans). 

The  International  8oiantiat'a  Directory  of  1888,  compiled  and  published  by  & 


Borope  with  their  artrtraaaoa,  and  also  of  other  man  of  science.    It  is  e  very  coa- 
venJent  Tolmne  for  stadents  in  all  depertniente  of  science. 
The  Manual  Training  8chool,  comprising  a  foil  statement  of  its  aims,  methods 


and  results,  with  figured  drawings  of  shop  exer earns  is  woods  and  metals;  byC 
*L  Woodward,  AJB.  (Harvard)  PhJ).  Boston,  1887  (D.  G.  Heath  *  Go.)- 
Indnesrial  Inatrootkm:  a  pedagogic  and  socJsl  iicoeaalty,  together  with  a  Critim 
upon  objections  advanced;  by  R.  8eideL  MoOia,  8witserland.  TranaL  by  Mar* 
garet  K.  Smith,  State  Normal  School,  Oswego,  New  York.  160  pp.  ISmo, 
Boston,  1887  (D.  a  Heath  4  Co.) 

The  above  are  two  valuable  works;  the  first  one  of  great  importance  to  the 
scholars  of  s  training  school  or  for  eelf-tnlning. 

A  Treaties  on  Alcohol  with  tables  of  spirit  gravities,  by  Thomas  Stevenaoa, 
M.Dn  London.    M  edition.    74  pp.  ISmo,  London,  1888.    (Guroey  A  Jaokaon.) 

Introdnctory  Text-book  of  Geology  by  David  Page,  LL.D.,  F.G.&.  reviled 
and  in  great  part  re-written  by  a  Iapworth,  LL.1X,  F.G.&,  Prof.  GeoL  and 
Praiogrn  Mason  College,  Birmingnam,  12th  edit,  316  pp.,  12mo.  Edinburgh  and 
London,  1888.    (Wm.  Blackwood  A  Sons.) 

OBITUABT. 

Gkrhard  vom  Rath,  Professor  of  Mineralogy  at  the  Univer- 
sity of  Bonn,  died  on  the  23d  of  April.  He  was  born  August  20, 
1830,  so  that  his  life  is  cut  off  prematurely,  and  yet  through  his 
indefatigable  energy  and  enthusiasm  the  amount  of  scientific 
work  which  he  accomplished  was  truly  remarkable.  His  inaugural 
dissertation,  on  the  composition  of  the  scapolites,  was  published  in 
1853  (PoggendorflHs  Annalen,  vol.  1)  and  from  that  time  on  h* 
was  never  idle.  There  are  but  few  important  mineral  species  to 
our  knowledge  of  which  he  has  not  contributed.  The  most 
iutricate  problems  in  crystallography  were  those  in  which  he  took 
most  pleasure,  and  to  his  clear  mind  the  complete  twinning  laws 
of  the  triclinic  feldspars,  the  obscure  distorted  forms  of  gold  and 
silver,  and  a  host  of  similar  problems  presented  no  difficulty  ;  and 
his  skillful  hand  was  always  equal  to  the  task  of  representing  the 
forms  on  paper.  A  son-iu-law  of  Gustav  Rose,  he  was  a  worthy 
follower  in  his  footsteps  in  the  character  and  scope  of  his  labors. 
He  was  a  great  traveler,  especially  during  the  later  years  of  his 
life,  and  mauy  are  the  papers  he  has  written,  mostly  scientific, 
but  others  more  popular,  giving  the  results  of  his  observations  in 
Greece,  Palestine,  Mexico,  the  western  United  States,  and  other 
regions.  Professor  vom  Rath  had  a  most  charmingly  genial  dis- 
position, and  a  wide  circle  of  friends,  by  no  means  limited  to 
Germany,  will  mourn  bis  too  early  death. 
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